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1. INTROQUCTION

The purpose of this work s to oresent and review the
available data and information on the retractive Iindex of
slkaline sarth halides, to critically evaluate, anatyzer,» and
synthes ize the datas, and to make recommendations for the most
drobable vatues of the vrefractive indexs its wavelength
derivative dn/dis and tempsrature derivative dn/dT. The
recommended and provisional values gensrated cover the widest
possiblie transparent wavelength ranges and are for the purest
fcrm of each alkaline esarth halide for which msasurements aave
been mada, However, for the materials which have been scantily

measureds resasonable estimations are made.

The introductory text describes the general! procedures and
methods for the avaluation and synthasis of the available data
ard for the generation of recommended values, It also discusses
the present status of the experimental data and other

censiderations concerning the body of data.

In the theorstical background sections, the general thsesory of

the refractive indax and its temperature derivative is discussed.
Correlations of the dielectric constants, absorption bands, and

the refractive Index are described,

In the data oresentation section we treat eac! material

sesparatelys, review the avallable data and i{intormations, and




describe the considerations Iinvolved in arriving at the tinal
assessment and recommandation and tha theoretical gjuidelines or
semi-empirical correlaticns on which the data analysis and
synthesis are basad. Figures and tahlies follow to oresent the
r ecommendsed valuas., the original data, specimen characterization,
and measurement information. At present, we have comoiled 182
sets of data extracted from soms 80 documents in the onrimnary
titeratura. Oistribution of the avalliable data sets is shown in

table 1.

In ths conclusion, figures are nresented in which all the
recommended curves on the refractive index, dn/d\s and dn/d7 are
grouped for visual comparison, The accomplishmants in this work

are discussed and tha need for further work is suagasted.

The fast section consists of the source refarences wused in
the axtraction of data and/or information. 9Only originat sources
of data have been usad in the analysise. The effective cut-off
date for literaturs research was May 1977, while the earliest
raefarenced source was rdatad 1874, With such a comprshensive
compilation of information and presentation of raesults, the
author betiaves that scientist and angiresr in the optical tradse
wilt tind this report useful in rejard to refractive index and

its tamperature and wavelength derivatives.

In ordar to utilize any dispersive mediumes soectroscopists
must have a knowliedge of the irdex of refraction and dn/d) for

all wavelengths transwitted by the medi'm., Such data are 1lso

T e Lo am e e o e o
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TABLE 1.

Materiat

“gF,
Ca¥F,
SrF,
BaF,

CaC\y,

SrCl,

3aCl,

AVAILABLE DATA SETS

&2

&2

10

15

dn/d7Y n
o

2
24
4

12

Number of data sets

-N
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useful to physicists tor oevaluating theoretical disnersion
equations and for studying the forces batween the constituents of
thre crystal. For a transparent mediums, the refractive index, n,
is defined as the ratio of the velfocity, c¢» of electromagnatic
radiation of a given wavelangth in vacuum to the nhase velocity,
vs in the mediums li.0.»

n = clv, (1)
Sinca the index of rafraction of air s about 11,0003, n is
cenvantionally mmasurad with respect to air instesed of vacuum and
no correction is mada., [n a non-absorbing medium the refractive
irdax is a real quantity, while in an absorbing medium 3 complax
indax of refractions N» is used., Thas cymplex index is defined as

N = n + ike (2)
where k is the extinction coefficient or absorotion index. 3oth
n and k are frequancy daoendent. The real and imaginary parts of
the square of the complex refractive index are the rsal and
irajinary parts of tha complex dielectric constant , ¢» of tha

modium:

€e=¢€; ¢ i€; = N2 = (n? - k2) + i2nk. (3)

The disoersion in an ootical matarial Is intimataly related
to the microscopic structurs of thea material. In the short
wavalength side transmission is limited by electronic excitations
and for tong wavefsnjgths by molecular vibrations and rotations.
The width of ¢the transparent spectral range increases as the

energy for electronic wexcitation 1Is increased and that for

molecular vibrations is decreased. Thaoretical and axperimental

T ———
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studies on fonic crystals indicate that crystals having small

icns with strong bonding hava a wide snectral range of
transparency. This is true for atkali halides and alkatine aarth

hal ides,

Unlike the alkali halides, which form only cubic crystalss,
the alkaline earth halides form crystals with a varisty of
structures. The four types of structure that are found in the
altkaline earth halides are indicated in tabte 2. A roview of
tablaeas 1 ind 2 will show that, with the exception of Mg¥%,» only

crystals of cubic structure have been invaestigatad.

Calcium fluorida in its naturally~occuring form is known as
fluorite, It is conventional to describs a crystal as havinag the
fluorite structure if its lattice is sinilar to that of catcium
fluoride. In a fluorita-structure crystai of a comnound AB, each
ion of species A is surrounded by eiqght aquivatent nearest-
neighbour ijons of species A forming the cornars of a cube with A
at its center, fach ion of soeciss B is surrounded by a
tetrahedron of four equivalent A ions. More fundamentally, the

Structure has a face~cantered-cubic translational gqrouo and a

space lattice of symmetry nﬁ. [¢f thae structure is interprataed in
terms of a orimitive cube of side a» it comprises three inter-

penetrating face-centeread-cubic lattices. Tha first is a lattice
of soecies A with its origin at the opoint (0,0,0) and with

primitive translational vectors (0,al2s,2/72Y; (ar?s 0 al/2); and

(a/2+a2/72,0) in the cube of sidea a. The B species are located on




TABLE 2, CRYSTAL STRUCTURE OF ALKALINF FARTH HALIDES

Material Structure

Tetragonals Orthorrhombics Hexagonal

BeF,

BeCl), Drthorrhombic

Orthorrhombic

BaBr,

Bel, Grthorrnonmbics Tetragonal

£

> Tetragonal

Mg

MgCl, Haxagonal

HgBQ Hexaqonal

.
B )

Mgl, Hexagona!

CaF, Cubic i
CaCb ONthorrhombic %
]
CaBQ Ntharrhaombic :
3

Cal, Hexaganal

SrF, Cubic

SrcCl, Cubie

Tettaqonal

Sr8r;

Sri, Hexagonal

Cubic

Ba¥F,

BaCl, Cubics, Orthorrhomdbic

3aBr, Orthorhombic

Bal, Nrthorhombic



two further lattices with similar tran,lational vectors but with

origing at (a/é, a/é, /&) and at (3a/4s 3a/és 3a/4), Tha sita
of the A ion has 0p symmetry and the site of the 8 ion has T
symmatry., The interstitial site again has ﬂ; symmetrys being at
the center of a cubes of ejaht B Jons, Ths crystal is not

pieroelocttic.

[t is apparent that tha fluorita structure onrovides close
contact batwsen the different snaciss of atom or ion,
Furthecrmore it the ions of species A are sufficiently flarqge,
¢ lose contact between ths ions of species B {5 prevanted, I[f the
censtituent species arae raegarded as hard soheres with radii r(A)
and r{B)» <contact occurs betweean tha A and 8 Jfons to the
exclusion of 8-8B contact and of A-A contact (11 when the radii
satisfy the condition

&.45 > rlAY/Pr(B) > 0.73.

The energetic advantages of close contact betwasen dissimilar
ions suggest that the fFluorite structure will be favoured by
those strongly ionic compounds with formule AB which possess
larje lons of type A. Study of a setlf-consistent table of ionic
radii» such as that of lachariasen (2] summarized in table 3,

shows that one is unlikely to find a hypothatical compound in
4tich contact betwesn A ons could occur, This would require
that the A iong be exceptionally ltarge, with

rlA) > 4,.45r1(8),

In facts thea A jons ars normally relatively small and it is




TABLE 3., THE CRYSTAL RANIT OF IONS

Be2* 0.30A F- 1.33A
Mg2¢ 0.65A o I 1.81A
Ca2* 0.94A 8¢ 1.96A
Sr2¢ 1.10A 1= 2,194

Ba2* 1.29A
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possible to find ssveral sesries of covnounds in which the lowar

timiting value is passeds and contact between 8 jons can occur,

For examoie, among the halides of barium one finds that the
tluorite lattice structure occurs for the smaller halide B ions

while the iodides possess orthorhombic or sheet-like structures,

Among the compounds of atkaline earth halidas those which
possess the fluorite structure ares according to Wyckoff (1],
CafF,» SrfF,» BaF, » CaCl,» SrCl,,» BaCl,. The absancea of ©bromides
ard of iodldas may be interprated in tarms of a viofation of the
radius requirement, the anions being reiatively too targe. It is
apparant on inspection of table 3 that close contact hetween A

an1 B ions cannot occur for the liaht cations.

There were two major reasons why only crystals of cubic
structure have heen investigated. The tirst 1ie that cubic
crystals are optically isotropic. ft is true that optical
anisotropy 1{is highly daesirable in a nuaber of snecial usess » but
for tha fabrication of ootical comoonents in genmarals anisotrony
of dispersion may becoma an objactive, {t is tharefore
understandabfe tha( sarly inveastigations were {limited ¢to the
cubic crystalse, but It is surprising that even at the present ags
ot modern technology our knowledge of optical disparsion js stil}
timited to that of cubic crystals. With regard to the dispersion

ot ths non-cubic crystals, littls work has been reported.

The second reason for (nattention to non-cubic alkaline

earth halide crystals is the unavailability of the crystals or

Gt Bl 45
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their undesirable chemical and ophysical oropertiess such as

hygroscopy and softness. With advaices in tha techniqus of
crystal agrouwths crystals which do aot occur naturally are made
evailable in workable sizes. Examples are Bef, 131, MgCl, (41,
erd BRaBe, (51, Howevers no measursments on the optical

dispersion of these crystals are reported.

The aoplications of high-powar infrared lasarss, which are
now being developed at a rapld ratae, are vartly linited by tha
lack of suitable transnarent optical materials, As a result,
much of the high-power laser research is directed toward finding
acequate high-temperature window and dome materialec in the
wavetength regions from 2 to 6 micrometers and near 10.6
nicromaters, The alkaline earth hal ides havae farqa transmission
ranges spreading from the ultraviglet to the infrired and are
available in large 3izes and high purity. They are 3Jo0od
materials for photochamists and soactroscopists who are
intarested in ultraviolet transnarency, and for laser sciantists
who are concerned with infrared transmission. They ara
considered good window materials and are racommendsd by thg
National Materials Advisory Board (6], Throujh the studies of
the Advisory Boards crystals of flinrite-tyne are among the
serious candidates for laser matearijats. Eftforts ara being made
to improve their machanical strength and thermal endurance

without altering thair ontical propertias, oarticularly the

refractiva index,

poem
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indices of alkaline earth helides

cefractive

The available

and their temperatures daerivatives havse peen survayed and studiad

itncltuding Smakufa

invastigators,

from time to time by a number of

Cobiantz (91 t0o Name just a faw, Refractive

(7), Rallard (81},

i ndax data are cowoiled In a numbar of handbooks suct as those

sponsored by Landolt-%ornsto!n €10)s AIP (111s and CRC (12])s etc.

Hcwoever, their main concern is to orovide a ganeral picturs

T A o 1 R T

data. The ourpose of the

of

sets

through a few particular

work is quite diftferant from that of the above-mentisned

present

works. It has two major aims: (1) to exhaustively saarch the

open literature S0 that a comrliete and comprehensive

bibtiographic referenca is comgiled, and (2?) to generate

basad on the exXisting experimental data on the

recommended values

refractive indox and its temperature desrivativa, SO that

evatuated and/or synthesized numerical! data ara made available

for scientific and engneering uss.

In fiQure 1, a schematic view of the absorption spectrum of

a tynical alkaline sarth halide crystal is shown., At the right,

at about 30 micrometarss, are seen the absorption pemaks associated

at about 0.1

with optical phonons, while nearer to the feft,

micrometer, are sean the absorntion peaks associated with

excitons, In the transparent region between the two extremes the

crystal absorbs littis fjight and has a8 dispersion whict can bhe

characterized by an optical dielectric constant ¢ =n 2, where n,

is the rofractlyo index at short wavelength. In absoraing

regiors of the spectrums» the imaginary part of ¢ is non~-zero.
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Beth the real and imaginary parts of « can bms ohtained from the
experimental reflectivity (preferably over a wids range of
savetangths) and the use of tha Kramers-Kronig relation or tha
Lorantz oscillator modal, 1In ootical tachnofoqyr, the refractiva
index is neaded onty for tha transnaren. region of the material.
One does not have to carry out a comnlicated analysis and
calculation to obtain the refractive indeax. fNirect mothods are
availabte for high pracision measuremants. The minimum deviation
noethod is usuvally used to obtain the refractive index accurate to
the fourth decimal olace» and the interferancas method to the

third,

Scanning the opan literature, one finds that in most casas
the measuraments of raefractiva indax were carrinad out at various
temperatures and reduced to a raference temperature chosen
according to the investigators®' oroference. It is highly
desirable to reduca the existing refract.ive indax data and to
present them at 2z uniform reference temnarature., It is theretore
irpor tant that the temnerature derivative of the refractive index
be made available in the form of a funrction of wavelangth based
on the existing data and thaory, so that tha users can oeasily
calcufate the required values over a limited range of

temparature.

The first task in generating recommended values was to
aralyze thae data on the temperature derivative of refractive

irdex, With the anatyzed values of dn/dT, all the refractive

113
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indax data were then raduced to thes refarence tamperature of 293K
chosen for the present work, Ths corrected data were then
subjected to evaluation and critical selection. Least-saquares
titting of the sefected data to a given agquation was then carried

out.

Recowmended values for rafractive indax and tha
ccrresponding wavelength and temperature derivatives, dn/di» 1nd
dn/dY, have been calculated from thas c:rrefating equations where
sufficient experimental vatues are avaitable, Howevers for the
region where axoarinwentat evidencs is either insufficient or
poor» only provisional values are orovided. Data for the
transparent region araea oresented at integral wavelsngths with
small increment. Intarmediate vatues can ba obtained by the

following tinear interpolations:

n)\'

1

nx+»(dn/dk)l (X' - A),
(4)
n

i

X,F' DXT + (dn/dT))\ (T' - 'F)-

The sacond exprassion in aq (4) is bisad on *he fact that dn/dvl
is relatively independent of temperature over a itirly wide range
of temnaratures. However, the aodolication of this expression

should bes limited to the temperature range 293%!59K,

T st #7 W3
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1t THEORETICAL BACKGONUND AND ~MPIRJICAL PFLATINNS

The study of the pronaagation of Vight through mattar,
particulariy sofids, comprisas one of thes important anA
interasting branches of optics. Tha many and viriad obntical
phenomena axhibited by solids 1{Include selectiva absorption,
dispersion, double refraction, polarization etffects, and electro-
optical and magneto-ocotical effects. Many of thes ontical
properties of solids can be understood on the basis of classical

electromagnetic theory.

The macroscopic alsctromagnetic state of matter at a qiven
point is described by four quantitiss:

(1) the volume density o' electric charges

(2) ths volume density of electric 1ipole strength, calliaed tha
oolarization,

(3) thae volume dansity of maynetic dinolse strangths catled tha
magnetization,

(&) the electric current par unit arear, called the current

"Gnsitv.

All of these aquantities are macroscopic averages over the
microscooic variations due to the atomic makeup of matter. They

are relatad to the macrosconically averaged slectric and maanstic

fialds by the well-known Maxwell! equations [(13),

Detaiimd discussion of Maxweli's oequations is beyond the

scope of the present work. What we should bear Iin mirnd is that

the general sofution of Maxwell®®s equations s made up of




elmctric and magnet ic tields. In the trsatment of thoe

irteraction of light and matter, the light is considered as 1an
oscitiating etlectric fleld that snqulifs thes componant molecules
of matter. Ffach of the molecules may be considered to he 2
ctarjed simpie harmonic oscillator. whan thssa componaent
oscillators are drivan bQ the enqulifing slectric fiald of tha
tight thay semit Huygans-like sphericar wavelets that contri.Luta
to and modity the elactric and magnetic fields. In the early
developrent of the theory o0f oropagation of light in matter.,
thera was no oracticatl aftternat ive to tr=2ating the mattaer 23s a
collection of chargad harmonic oscillators subjects perhaps, to
darmoing forces. Fortunatelys, the modern developmants in the
theory of matter and its interaction with radiation have saown
that this simole modal has broad utitity, and that it can be
employed in the discussion of rafractive indiceaes. In this
sactinn, anty a brief summary of rasuits of the theory of the

rafrictive Index and its tampmrature derivative is 2iven,

2.1 REFPACYIVE INDEX

Maxwell®s theory givas the relationship
nZzczlep, (%)
whare n is the refractive indexs ¢ ths dielectric constant, and
P the polarizability. If ons treats the material 118 eauivalant

to 3 coltlaction of harmonic oscillators resonant to radiations of

various wavelangths Ai. one can derive 1131 ine esqurtion




) cikz
nét -1 = 2 4 T
1* ‘Ai (6)

where ) s the wavelanjgth of the incident radiation, and cy is 2
constant which depends on the numbar of oscillators osr unit
voluma or the “oscillator strength™ ot the oscifilators rasonant
at wavelength );. Fquation (6) is generally called the Sslimeinr
formula. [t can be Adar ived by modarn quantum theory from mnor»
scpnisticated modals of the solids with Ay danating the

wavalengths of the various absorotion bands of the material.

For the transparsnt region, it wa. traditionally believed
that the dispersion formula of tha Sallimeiar tyna bast fit the
icnic crystals. The consequence of this was that most of the
early exparimental works adopted eq (5) with the A;'s and c;'s as
adjustabls ampirical constants chosen only to fit the datas with
no other exoerimental and theorstical basis. Neverthalasss this
equation, if used correctly, gives 2 good deal of information
cencerning the position of absorption bandss oscillator

strangths, and the diaslectric constant for a static fijeld.

for the transparant region, 8q (A) can be written as

a; \? b, A?
e FE AR e wi ™
i i y

Terms in ¢the fjijrst summation are contributions from the
ultraviolat absorotion bands and thise in the second from the
infrared absorption bands. In the infrared rmgion, howevar, the

Ai's of uv absorption peaks are much smaller than A and eq (7)) is

reduced to

RS T 2




e N

18

gt i e 2 i rh - Lo

b, A2
L

wharae €. =14231=eo-2m1 is the optical dislsctric coanstant.

Reaal crystals ara neaithar perfectiy Ilinear dislectrically,
nor are they perfectiy harmonic. Ths effect of non-linearity and
anharmonicity is to introduce a damoing term (141, Fquation (8)
ts extendad to bacome

b A’

E=Cl+iC2=€ +Zz JT
®© A - A ~ iy, A
] 3 Y3

(9)

Equation (9) is widely used in investigating the infrared optical
proparties of ionic crystals. In the transparent wavelangth
ragion, the atfects contributed by absorotion obands 3re
negligibly smalfl. In such cases the danping terms can be omitted

and aq (9) is reduced to the Sallmeiar formula.

In an ideal apolication of sg (7), ona wou'!d need to <now
the wavelangth of all of tha abhsorption peaks. This is very
difficuit in practice because of the targe numher of absorptian
peaks. In tact, only a few absorption nsaks are accessible for
experimental observation, 1In order to include tho effects dus to
unobserved absorotion bands on - the refractive inder in tne
transparent regions, an equation similar to ea (7) is used *n

interoret the exnerimental data:

a;A? b, 22
n2=A+EW+EXTJ:—X;T’ (10)
i i j

whare Ai'S and Ai's are tha observed wavelength At absorotion




bands. A is a constant which equals the quantity 1¢7a,  where
ag's are the confficients of the ultraviolet torms
with Ak's much smaller than the wavelengths in the transparent
region., In the infrarad region, the dominant contribution to the

refractive index in the transparant region comas from the

tundamental phononse while othar abssrption bands contribute
fittle affoct on tha refractive Indax in the transparent region.
AS a result, In most cases, only one or two tarms due to ths
prajominant contribution are included in eaq (10). The
refationships boetwean thae dislsctric constants and the

coefficients in the dispersion equation remain with no change:

€, = A+Za, (11)

m
o
|

—A+Eai+2bj. (12)

For some materiilss, exper imental data on n are insufficient
to justify ¢the least-squares fitting. A maeans should ba
developed to obtain raasonable estimates by use of the availabla
data for other propertias which are related to n, The following
simpliftind oquatinn (two-oscillator model) of the Sellireiesr tyos
is propossad for this purpose:

(E‘_”'-A)X‘2 (Eo"(m) AZ

n2 = A+ + — (13)
xz_)\uz )‘2 XIZ 4

whera A is an adjustabls paramater, Au the unwaighted averaged
value of the waveleongths of the ultravisrlet absorotion pesakss, and

AI'tho wavelangth of the tundamental infrared absorption opeak,

19
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Tre adjustable paramster A in eq (13) can be detarmined even if
only one measurement of n is available because the quantities rg»

€ 0 Au- and AI are in j3esneral avaifable.

[e ]

It is clear that the parameters €,% Eo» Au and XI slay
irpor tant roles in ths calculations of the refractive indsx. Nn
account of this, these parameters were also included in our
searches, though not in an exhaustive way. Listed in tables &,

5» and & are the results of our searches for €E,® €, and xI.

Tha values of ontical dielectric constant listed in table 4
are determined eithar by curve fit of refractive indices to the
dispersion waquation or by Kramers-Xronig analysis of raflection
stectra. No method is designsd for direct measuremant of £ As
a consegquence, the accuracy of €., depands fargely on tha
accuracies of input refractive indicas and on the spectral ranqge
ccvarad, It is intaresting to note that at a givan temperature
the values of S obtained from various sources are in close
a¢reemant, Although tha values are made aviilable at sevaral

temparaturess the paucity of data ha pers *he estimation of

temperature variation nf tha optical) dielactric consvont,.

The values of static dielectric consta~ts given in table ©
indicate 1iscrepanciaes bhetwaen investigators. Such discrepancies
can ha attributad to the differant methoda usad ant the impurity
ctntants ot the samnies, Without question, the resutts reoorted
by Andesn et al [17] are the best, becauss the method of

substitution is by far the most reliable diract means of
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1ABLE 4, IPTICAL DIELECTRIC CONSTANT NF ALKALINF EARTH HALIDES

Material Temperature € Author?2
t (K)
i MgF, 300 1.9(3)1 Rarker (141
3 300 1.9(a) Barker{14)
g Ca¥, 4 2.05 L
; 80 2.047 8
200 2.044 B
{ 300 2.040£0.001  ®
: 300 2.045 K
‘ 300 2.04 L |
350 2.04 L i
SrF, 4 2.08 L §
80 2.07 3 |
300 2.07 K :
300 2.07 L ,
350 2.07 L
BaF, 4 2.18 L
80 2.157t0.001 8
300 2.150 3
100 2.16 K
300 2.17 L
3150 2.17 L

1 The (atters o and @ in the parenthesas indicate the
ordinary~-ray and axtraordinary-ray respectivaly,
2 The capital letters in this column carry the
following abbreviations:
L - Lowndes (151,
8 - Bosamworth [16]),
K - Kalser ot al [17]),




F:T"'"*" ' ”"'“"-—""‘-"'!F!!!!!!lIIIlIII-I--n---..--.-__“r;,

22 :
' YABLE S, STATIC DIELECTRIC CONSTANT OF ALKALINE EARTH HALIDES
Material Tanperature €, Aythor?
: ()
! MQF, 300 4.87(2)8 n ‘
t 4.6 (o) Barker [14) i
: 4.%26%0.01(0) A
300 S.45(a) n
5.4 (8) Barker (14}
5.501¢0.0((e} A
‘ 300 5.26(0) n |
‘ ' 5.1 (p) Kodik (201 y
5 .289(0) A 3
CaF, ‘ 6.47¢0.03 L |
80 6.33%0.08 8
80 6.51%*0.03 L
200 6.53%0.08 A
200 6.66%0.03 L
100 6.7 *0.3 K h
100 6.63%*0.08 8
300 6.81%0.03 |
300 6£.7840.03 Q
3100 6.35%0.06 J
100 6.8120%0,0007 A
SrF, 4 150,03 L
‘ 80 6.04%0.08 A
20 6.19%0.03 L
200 6.30%0.03 L
3100 heb 0.3 K
3100 6.20%2.07 )
300 65.50t7.013 L
300 6.48%0,03 R
100 h.4679%0.0006 A
Rar 4 6.96%0.03 L
' 80 A .56%0.N9 ]
80 7.01°7.04 L
200 7T.16%0.04 L
100 7.2 0.4 K
300 6.94%0.08 3
300 7.32%0.04 L
300 7 .28%0.04 2
300 7.02%0.07 J
300 7.3605%0.0007 A

L The letters 0 @ and p in tha parantheses indicate
the ordinary-rayes extraordinary~-ray. and poflycrystatine,
2 The capital tettars in this column carcry the following
abbreviations: D - Duncanson 118)s A - Andesn et at (191,
L - Lowndes [15), B - Rosomworth (161,
K - Kalser ot al (171, @ - Q203 av3 Smacula (?1]),
J - Jones (221.




|
=

Material

HgF2

CafF

SrF,

BafF

L The letters o and o

TABLE &,

DPTICAL PHONDN 0OF ALKALINE EARTH HALIDFS

Tennerature
(K)

109

300

30
100
200
300
300
400
500

5
an
100
100
200
100
300
300
400
500

5
10
100
200
300
130
400
500

ATO

(Micrometsr)

22.2»
24.2»
40.6t0)
18.0»
25.0(e)

37.04%0.19
37.45%0.78
37.00%9.19
37.45%0.19
38.9

38.,02%0.19
38.76%0.19
39.53%0,20

43.76%0.22
464,44%0,40
43. 860,22
44, b4
44.25%0,22
45.05%0,23
‘6.1

45,66
46.30%0,23
47.39%0,74

52.63%0,26
52.61%0.56
52.63%0.26
52.91%0,26
53.33%*0.27
54.3

54,20t0.27
55.56t0,2%

in the parenthesis

ALO

{(Micrometear)

20,66%0.10

21.6
20.75%0.10

25.19%0.13

25.32%0.13
26.74

28.90%0.14

29,07%0.15
30.67

SPECTRAL POSIYIIN IF THE FUNDAMENTAL

Author?

Barker {(14)

Barker {14)

reoXxXrrroro - ~eXrr~or

(el alV X NNl Yo

indicate the

ordinary-ray and axtraordinary-ray resoectivaly,

2 The capital

following abbreviations:
L - Lowndes (15),»

8 - Bosomworth (161,
K - Kaiser et al

{171,

D - NDenham ot at (23],

lettars in this column carry the

23
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measuring the static dietlectric constant and tha samples they
usad are believed to bs the purest avaitlable. However, the work
3f Lowndes t15]) is important, because not only do his values at
foom temperature agren closaly with those of Andeen ot als» but
also his measuremonts cover a wide tawperaturs range, as shown in
figure 2, In facts his measurements give the only set of
reliable dielsctric constants as a function of %emparature., a
very important basis for determining the temperaturs variation of

static dislactric constants.

The spectral position of the fundanental ontical phonon, AI'
it an important input parameter in the diﬁoersion equation for
the materials with scanty infrared data. Among the data listed
in table 6, the valuas reported by Lowndes are most reliable and
might used in our correlation of ophysicat properties to calcufate
tha missing refractive indices. Howaver, as the vilues fron 2
number of other papers agree clossly with Lowndes', the averaged
vatues wii1l actualfy be used. Lowndas?® measurements not only are
beltiaved to bs the most reliable ones available but also are usad
to evaluate the tempsrature variation of AI. Such variations are
indispansible input oaramsters for astimating the tesanerature
derivative of the refractive index. Figures 3 bpresents Lowndes

results of AI(T).

The uv absornption of alkalins earth halides is quits
cemplicatsd. There ars many absorption peaks c¢f about equal

strength, spreading into a wide uv region from about 10 eV Jown

AT R Tt XL
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Figure 2. Temperature dependence of the Static Dielectric Constant of Alkaline
Earth Fluorides [15]
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Optical Phonon of Alkaline Earth Fluorides M15]




to 35 a¥., There is no diract measurament of ahbsorption osaks
available in the vacuum uv ragion bacause thera exnarimental work
is difficult. To estimate the offective wavelenath, A » of
vacuum uyv absornstion, we have to relay on tha observed far uv
reflection spectra. It is accepted that corresoonding to 9acnh of
the oeaks of a retlection spectrum thers is an absorption peak at
somewhat shifted wavalength; the sharper the nsak, the Iless the
shift, The far ultraviolet soectra of altkaline earth fluoridss
have been studied by Rubloftf [24)s Nisar and PRobin [25) et:z. .
Publofft's work is used in ¢the present work because his
observations were mada at several discrete temoeraturses. This
teature opsned the opossibility of sestimating the temwpsrature
variation of Ay e ?lgures 4, 5» and 5 show his results for the
normal reflection soectra of CaF,, SrF, and RaF, crystals in the
far ultraviolst. For <clarity, a vertical shift of 0.0175»
resnectivaly separating the 90k spectra (abovel and the 400k
spectra (betow) from the spectra taken at 300k, wers made in
these fiqures. According to Rubloft, the spectral regicns marked
in each of ¢the spactra with 1, Il» and It correspond
respectivaly totl

I. eoxcitation of an electron from the upper valence bands to

tha lower conduction bands,
11. excitation of an electron from the outarmost core sStates
of the metal ion,

111, interband and ionizing transitions of core electrons.

Shifts in energy with temperature ars observed and are determinad

27
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for sharp peaks, The enargies of such peaks at various
temparatures are Jiven  in tahle 7, €from which thea room
temperature effective wavelengths ) » can be estimated. The
results are: &1.0,09315 micrometer tor CaF,, Auao.OQSbo micrometar

fcr SrF, and M1-0.10205 micrometer for 31F,. These valueas «ill

be used as quidelines in the data analysis.

2.2 Temperatura Derivative of Qafractiva i~4ax, dn/dT

For wusers of the refractive indexs, Informwaticn on the
temperature deorivativae, dn/dT7, is infisoansable, The tamperaturae
dependence of the raefractive index of crystals is of considerable
interast in connection with a wide variaty of ootics
applications, in the area of high-pover lasers, dn/d7T ptays an
important rofle in tharmal fansing oprobitems, A qreat daal of
research effort is soent in finding the magnitude of dn/dT and

its frequency dependence in the laser wavelength regijons.

With regard to tha thermo-optical bshavior of the alkatline
earth halidess the axisting data are not useful. Much ot the
data is for two materials, CaF, and Raf,» and is concentrated in
timited spectral roanionss the visible and near ultraviolet.
Qutside these regions, especially in tha infrared, limited data
are avaitlahle, a very discourasing fact to workers in laser
research, It is, therefore, Highly desirable to obtain a
theoretical orescrintion which atlows orediction ot dn/dT over a

wida range of wavelengths, bagsed on at most a2 small numher of
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TABLE 7. TEMPERATURE NEPENDENCE OF THE ENERGIES OF
SHARP REFLECTANCE PEAKS (AFTER RUBLNFF)
Peak EnsrgyleV)
Materiat !
|
90K 300K £00K
CaF, 11.18 11.02 10.85 i
13.04 12.97 12.92 =
13.93 13. 86 13.79
15.53 15.40 15.37
25.10 2%5.05 25.00
27.70 27.75 27.75 1
32.85 32.85 32.45
34,50 34,50 14,50
SeF, 10.60 1. 41 10.27
12.02 11.98 11.91
13.71 13.61 13.55
15.86 15, 8¢ 15.80
22.47 22,42 22.37
23.56 23.50 23.45
§ 27.14 27.10 26,95
: 29.70 29.70 29,40
BaF, 10.00 9,80 9.76
12.66 12.44 12.4%
16.34 14.20 1.26
17.10 17.0% 17.09
19.19 19.12 19.14
19.89 19, 81 19.80

22.11 22.05 22.10
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expor imental measurements,

Ramachandran [26) presentad a seomiempirical theory of
thermo~optical effects in crystals, in which the dispersion was
fittad to experimental data, wemploying a series of cscilflator
frequencias and strengths as adjustable paramaeters, A close

ccrrelation was found betwean temperature shifts of various

parametars and those of the fundamantal oscillator fraquenciase.

Unfortunately, the parameters chosen Were rather numerous and
often physically obscure or not uniques; no general prescrintion
was nreseanted for detarmining their temoerature variationss which
are necessary for calculating dn/d7. Tsay, Bendows and Mitral271
irtroduced a two-oscitltator model! which accounts for the
variation with temoarature of the enerqy 9ap (electronic
centribution to dn/4T) and the fundamsntal phonon fraequency
(lartice contribution to dn/dT). This maodel seems to fit the
infrarad data, but it does not agres wall with the existing Jata
ir the uv region, A somewhat modifiad aoproach is to formutate a
ssmi-empirical equation which serves the dual purpoose of giving a
goord fit to existing data and a reasonable oradictian of missing

information.

Untike the cas» of alkali hatidess dn/d? data for the
alkaline earth halides ars not abundant enough to. establish an
observable trend of data among materials. This leaves us no
choice but to resort to the existina theories, The fotlowung

terms appear in various theories of dn/d7V:

33

Lypra




34

(1)

{2y

1

(4)

A constant, lor repressnting the total eftact of
contributions othsr than thosa considered axplicitly in
other terms.

A term arising from thermal expansion of the crystal,
Various theories yieid the same expressions -3ai{nZ-1), for
this terms, whare o is the linear thermal expansion and n
the refractive index corresoonding to the wavelength under
consideratioan,

A term due to thermal shift of the uv resonant wavelength,
Starting from the two oscillator model, it is found that

this contribution is

e 9y 2 242
(E“‘-A)-A—u —&T—/()\ —)\u)

whare Xu is the effective waveloangth of uv absorption
bands. In soma thaories A is replaced by W the
trequency corrasoonding to the gap ensrgy of the crystal,.
To evaluats this term requires knowledge which is in
general not accurats or is missing. In cases where there
are sufficisnt dn/dT data for the uv regions one can

determine this quantity through curve fitting. We shall

consider the quantity

as an adjustable oparameter A, in the data-fitting
calculation.

A tarm due to the thermat shift of the optical phonons.

This contribution can be evatuated using tha expression

dX
. NP 1///2 242
([—-m - Lm) AI aT (A - AI ) [}




where AI corrasnonds to the wavelangth of tha T0O optical

ohonon, The aquantities )

a

€o » and AI are in qganscal

available in the litarature and dAl/dT can be estimated
from Lowndas® work (see fiqura 3), Theretore thera §s no
unknown parametaer in this term.

(5) A term dus to thae thermal variation of ¢the transverse

atfective chargas a*, This term is proportional to the
expression

1 de* 2 _ 2
(€o - Eoo) ok —-—dT (A >\I ).

Theoretical trasatments and diract measuremants of de*/dT
do not appear to axist. TYhers is therefore no alternative
but to estimata the affect of this contrihution by fitting

the dn/dT data to the dn/dY formsla with

1 de*
(€0 - €,) oF a1

as an adjustabte pDarameter A;.

The tfollowing equation summarizes Gthe five contributions

mentioned aoove:
2n(dn/dT) (n? - 1) A ko
n = =3a(n* -1 +Ao+ = +3 3T
Zﬂ Nf” A AI

2(eo-em)xﬁ 1 dAI . (14)
M CUES L (x; 7T )"

In the case of CaF,» SrF,» and BaF,» the quantities
dA

AI' _E% are made available by Lowndes (151, and ¢_ is available

Epo

trom the literature. Although A, and d) /dT can be estimatad

from Rubloff's (24) ohservations on the reaflection spectra at

35
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various temperatures, it will be preferesd to detarmine A, tnrounh

the data fitting for CaF, and BaF,. For ScF,» no uv dn/d¥ data
is availabler and Roblofft®s results must be wused. Howevere in
the case of MgF,, CaCl,s, SrCl,» and BaCl, » such informaéion is
not readily avaitables and no attemnt is made to apnly the dn/d7

t ormula,

——
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Reference data are qganarated through critical avaluation, |

analysise and synthesis of the availabla exparimantal data. The |
procedqura involves critical evaluatinn of the validity and
accuracy of availabla data and infarmation, rasofution and
reconciliation of disagreements In contflicting data, correlation j
ot data in terms of various contrctling parameters, curve fitting M

L with theoretical or empirical equationss comnarison of resulting L

| valuas with theoratical oredictions or with results derived from i

semi-theoretical relationships. Physicat optical porincinles and 1

semi-empirical tachniques are embloyed to fill gaps and to

extrapolate eoxisting data so that ¢the resulting raeacommended

values are internally consistent and cover as wide a range of
each of the controtling parametars as possoble., No attampt was
made to analyze the thin film data and the regions of strong
absorptions because of ¢thas scantingss of reliable information,
However, axperimental dJata for such regions are also prasented

along with those for the transparent region in the exoerimental

data tables,

A number of figures and tables sumnarize the inforration and
give data as a function of wavelength and temperature. The
ccnvantions used in this presentation, and spscific comrments on
the interpretation and wuse of data are given below. Ffach
subsect ion in this section gives all the information and data for

a given materisl, The subsect ions are arranged in the following




ordar:

3.1 Catcium Fluorides Cag

Presented

a

3.2 Strontium Fluyorides SrF,
3.3 Barium Fluoride, BaF,

3.4 Magnesium Fluorides MaF,
3.5 Calcium Chlorides CaCl,
3.6 Strontium Chlorides SrCl,

3.7 Barium Fluoride, B8aCl,

in esach subsaction are information and data In the

fottowing order @

text describing the material and discussing the datas
analysiss and recommendationss

table of recommended (including pravisional) values on
ns dn/dis and dn/dT,

figure ot n,

tiqura of 4n/di,

tigure of dn/dT»

table of measureament informartjon on n,

table of axner imental data on n»

tabte of measurament information on dn/dT (it any)s
table of experimental data on dn/dT (it anyl,

table for comparison of oropossd dispersion equations

tit any)l.

v
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in atl fiqgures containing experimental datas, a data set s
denoted by the numbaer assigned in ths accompanying tables on thna
measurement information and exper imenta data. When saveral sets
of data are too close to be rasolveds some of the data setso
though listed in the tables, are omitted from the figure for tha

sake of clarity.

{n the fiqguras for index n and4 dn/dT, tha wavelangth is
plotted on a 1logarithmwic scale {in ordar to covar a 4ids
wavelength range in a single plot, 1In the figures for dn/d\,
both dn/d) and ) are logarithricatly piotted. The tables on the
mea surement information give for esach set of data the folloaing
information: the refarence numbers, author®s name (or names), ysoar
of oublication, exparimental methad wused for tha measuremant,
wavalength range .covered by the data, temperatura range, the
description and characterization of the spacimen, and information

on measurement conditions contained in the original! paper. 1[I0

Lo




these tables the code designations used for the experimental
mathods for refractive index determinations are as following:

A Abetes method

0 Deviation method (prism method)

P Pultrich or Abbe refractometer

1 Interference mathod

T Transmission method

Q Reflection methad

M {mmersion method

H High fragency modulation method

8 Brewster angle method

c Polarization mathod

S Thickness determination met hod

L Multilayer method

F Focal laength method
Ths methods Jlisted above are arranged Iin the order of the
irherent accuracy or thelr popularity., The deviation method s
the most oopuiar and accurate means of datermining the refractive
indices to the fifth decimal place or better, Tha Pulfrich
rafractometer and intertference techniaqie can be used up to the
fourth decimal placa. Transmission, reflection, and {mmersion
methods vyvield results good to the third olace» while the
multilayer and focal fength resutts are na bestter thar two or
t hree places. For a comprehensive yet concise rewiew of all

thesa methods, the reader is refsrred to the text in (81 and (9],




For some materizlss, dispersion eguations have baen propdsed
in a number of earlier works. 1In sucnh cisas, a tahle listina a
few typical proposed equations is gqiven, All equations are
converted to the form of 4ag (7) whenever opossihle so as to
facilitats a visual! comparisecn., This table is by no maans an
exhaustive collection; howevers it gives the readar a gqeneral
picture on the svolution of the dispersion formutas used in the

calculation ot the refractive index.

In the tables of recommended (incliding provisionalt values,
the values are presanted with step-wise? increasing incremants in
wavelength, The magnitudes of the incraments vary with the slope
and curvature of the curve to facilitate iinear intercolations.
The following scheme (in wunits of micrometer) is uniformly

adoptaed for this orasentation.

Wavalength range Incremant
<0.30 0.002
. 0.30-0,40 0.005
0. 40-0, 60 0.01
0.60-1.00 0.02
1.00-5,00 0.05
5.00-10.0 0.10
10.00-15,00 0.20
>15.00 0.50

Ifn the tabless vatues for each provnerty are given to the

same number of decimal places in order to show the varlation of
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the oproperty and for tabulfar smoothness: this should not b»a
interpreted as indicative of the accuracy of the valtuses. The
uncertainties of the tabulated values for the refract ive index,
dn/d)x and dn/dT for msach material in ditferent wavelength ranges
is given in the aiscussion oortabﬁin; to the material. In
connection with thiss the tabulated values are classified as
"recommended values™ or “provisional values™., The criteria of
the classification depand uobon the tavel of confidence in the
values as given beslow:
Uncertainty range Classification
For refractive index:
€0.005 recomnended

>N.,005 provisional

For dn/dT (in units of 10-% K-%):
£€3,0 recommende-

>3.0 provisionat

It should be noted that recommendations are made only for the

bulk materials at 293 K in the transparent wavatangth ragion.

In general, refractive indices obtained by the deviation
method are reportad to the tifth or sixth dacimal place.
Howaver, detailed cowpositions and characterizations of the
specimens are usually not clearly qiven., Since impuritiss in the
sample and conditions of the surfaces ares decisive factaors
affecting thes obsearvad results, such highly nrecissa data can not

be anplied to &8 samols chosan at random. For this reason ws do




e o

not attemot to recommend any particular set of data with the
reoorted high accuracys, but to gensrate the most probable values
for the pure crystats. As 31 resguit, the estimated uncertainties
for the recommended values on the rafractive index are higher
than those for the reported data obtained by high-precision
mgasurements, In this works, the highest ostimatad accuracy of

the refractive index is to the fourth decimal place.
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3.1 Calcium Fluorides CafF,

Calcium ftluoridas one of the fluorite-tyne crystals, is of
considerable intersst from the exoerimentat and thaoretical point
of view. The compound is ionic but, in contrast to binary NaCl-~
typs crystalss it has a number of structural features associated
primarily with the presence of two aquivalent ¥~ jons in a unit

fluorite cell.

Rather pure singls crystal ecalcium fluoride s found in
nature and is callsd " Fluorite "™ or "™ Fluorspar "; Calcium
fluoride of similtar ourity, but of larger dimensionss has bDeen
produced by controltlad freezing of »purified moltan calcium
fluoride after an initial scavenging with iead fluoride,
Fluorspar is widely wused 1In iron foundry ooarations, ths
manufacture of orimary alumimum and magnesiums 2as sSourfce of
fluorine chericalis, for the production of glass and enamsls, and

i nnumerable other uses.

Calcium fluoridea has been an imoortant ooticat material used
in the design of optical componsnts and systems for many years
becausns it occurs naturatly in larqge sizes and many measuremen's
on the refractive indax are available, The crystal is
transparent in the region from about 0.15 to 15 micromaterses The
transparent region may be divided into three subregions», in each

of which Caf, has useful appiications. From 0.15%5 wuo to 0.3

micromster and from 6.0 up to 1% micrometars the discersion is

e A
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% high and the crystal is used for high dispersion devicas, in

spite of low transmittance at the limits. In the region from 0,13

up to 6.0 micrometers disparsior is tow but transmissior is high,
and it is therefore wused as windows and lenses in optical

systams,

Among the alkaline earth haltidess, calcium f!uorido is the
most wused material. One of the resasons jis that it is readily
availabls in large sizes, In the prasent work we have compiled
more than thirty data sets. The earliaest measurament on the
refractive index of CaF, was made by Stefan 1281 in 1871. Since
then, numerous observations were carried out. Among ths early
activa investigators are Rubens [(32)s» Paschen [371 and Martens
[41)., As can be anticinateds the sarly work was performed in the
transparent region by the prism method. As a2 result, reafractivae
indices of CaF, in the wavelength reglon *ftrom 0,18 to 9.43
micrometers were already avaiiable by the turn of the century.
Cobtantz (91, in 1920, reduced the measured and computed values
of Langley [39)s, Paschen (39] and Rubens (35)] ¢to a common
temperature of 293K and after carsful analysis adooted a table of
refractive index from a smooth curve drawn through these data.
This ¢table of refractive index was thought to renrasent the most
accurate and comprehensive values available in the literature,
Arother table of refractive index was compilad by Kohlrausch (93]

| in 1940, including data Iin the ul traviolet region.,
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It can aliso be anticipated that refractive indices in the

visible region are accurates while thase in the invisib e regions
need further verification because of inadequate infrared
detecting devices and Iinaccurate spectral lins identification.
Most of these data have been referencad and compared and qudted
in the f{iterature through the years, but no further msasurement
in this region was made until 1963, when Matlitson (48] operformed
a systematic moasurement of the rafractive index for both natural
ard synthetic CafF, crystais in the spsctral region from 0.22 to
9.71 micromaters, using the orism mnesthod. He found that the
difference in refractive index of ¢the synthetic and natural
fluorite is of tha order of Ix10"%, This excellant agreasnent
between samoles demonstratas that the artificial crystal, «hen
properly synthasizad, shoutd bs comparabla in refractive
prooarties to good natural fluorits, Comparead with valuss of
Coblantz and Kohlrauschs good agreement |Is observed in the
visible reagion and discrepancies occur in the wultraviolet and

infrared as expectad.

Experimental! memasurements on the refractive index cf CaF, in
the transparent region were mada for the purposes o optical
applications such as optical components and system design,
particularly for the ultraviolet and . infrared regions,
Experimental studies outside the transparent region were
parformed with difftereant purooses in mind. In tha wultraviolet

ragion the main Interest is to determine the band structure of

the <crystal, Because of high absorotion in the vacuum




ultraviolet, the ootical opropertias in the short wavelength
region can only be derived through ¢the analysis of reflection
spectra. Fabre ot al. [49) founds through Kramers-Kroanig

analysiss 3 strong sbsorotion peak focated at 0,112 micrometer

which sets the lower wavelength (imit of ths transoirsncy of CaFf,.

Fiold et al, (52) founds by the oscillator fit methods that the
absornption opeak nearest to the transparent ragion Is at 0.119
micrometer. The complexity of absorption in tha UV region is
revsaled by (Utther axploration into the UV reqion with higher
photon enesrgy. Ganin et al. (53] studied the ootical npronerties
ir the sanergy ranga 5-20 eV by Kramars—Kroﬁiq analysis of tha
reflaction spectrum. 1In addition to the first ahsorption peak at
C.112 micrometer, he observed wmore absorption opeaks a4ith
intansities comparabla to that of the first opaak, Further
cetails ot the reflaction spectrum in the UV reqgion were
investigated by Rubloff (241, with photon energy uno to 36 sV, 2t

threa temperatures as shown in fiqure & and table 7.

In tha far infrared region» the ourposas of the majority of
studies has been to datermineg orocis;ly the frequencies of the
optically active lattice vibrationss a'd the refractive index at
fecno wavelength. [In the absence of nbsorotionp'refractivo index
at long wavetength is anproximately the square root of the static
dielectric constant. Berman et al, [50) investigated the region
from 294 to 580 micrometer using tha reflection and transmission
method. The resulitad refractive indices In the region from 290

‘to 580 show no disoarsion within thq fimits of experimental arror

47
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and the averaged value of refractive index, 2.58, is in agresement
with that calculated from the static dielectric constant,
However, dispersion in n occurs in the region from 110 to 280
micrometer. Kaiser ot al. I117) studied the retlection spectrum
in the restrahien region from 10 to AQ0 micrometer. Two
absorption peaks were deduced from the reflection spsctrum by the
Lorentz oscillataor theory. The stronjer ones, at 38.9 micrometer,
was identified as the optical active TO resonance and the other
ones» about one order of magnitude weaker, is at 30.5. [The origin
of this weakar absorption was unknown and Kaiser oroposed the
possibility of a two-ohonon combination band involving the TO
mode. Howsvers this weak absorption does not appsar in Lowndas’®
work (151 in which the reflection spectrum was studied by
Kramars-Kronijg analysise. Since Lowndas may have used a pufer
sample than that used by Kaiser, it is likely that the weaker
absorption at 30.5 micrometar is dus to impurity contants of the

samplas,

Nn the hasis of our review of avallable data, data sets
measured by Malitson (481, Martens [41) and Paschen [&0] dere

selacted as the basis for reference data generation bocausse of

the consistency of their resufts. Matlitson used the Selimsier

formula to mathematically fit his experlmenta[ data. The
resuiting Selimeier formula is listed in table 17, where
disparsion equations proposad by various investigators are listed
tcgather to tfacilitate a visuval comparison. The optical

dielactric constant calculated from his saquation is 2.04, wrich

T S T e e e s
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is in agreement with those obtainad from othar disoersion
equations, Howevers, the static dielactric constant based on his
equation is 5.887, subtantially tower than tha experimental
values 6.81. This large discrapancy is mainly due to a low valua
of the infrared absorotion wavelength used in his 3quation, Thae
dispersion equation obtained by Marteans included three terms due
to infrarad absorntion and yieldad a value of 6.92 for the static
dielactric constant. He wused as wavelengths nf the thres
absorption bands 24.0» 31.b6s and 4N.53 micrometers. The second
corresponds to that raported by Kaiser at al. and the third and
tirst correspond to the TO and LO mode phonons respectively.
Although these wavalengths are somexhat fonger than the
ccrrasponding but more reliable values now avallable, it is
indead a surorising that Martens could make a pradiction based on
the then available refractive index da.a in 32 limited wavelength

rangs.

To account for the ultravioclet absorption effects, Malitson
used two terms, the one with the longer resonant wave!sagth
representing the total effect of the first few strong absorption
peaks and the othar representing the effact of the remaining
absorption, Martens used a single term and a constant to account

for the effect of wutraviolet absorptions. The first term

reprasented the total effect of excitations of elactrons from the

upper valence bands to the lower conduction bands, while the
constant represented the tota)l effect of excitations of the

ouvtermost core electronss and interband and ionizating

49
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transitions,

in the present work, we follgwed Marten's treatment for wuv
contributions and used the available wavelengths of optical
phonons for the infrared terms in the dispersion equaticn. More
precisely, the equation consists of a2 constant, ons term fro» uv
contributions and two terms from infrared contributions. The
following two values were chosen as the wavelengths of optical
phonons:
Ao =21.18 micrometars l(average of two entries in table 6),
ATO =38.46 micrometars (average of three antries in table 6)

Tte calcutation yielded the following dispersion equation for

CaF, at 293 K in the transparent rasgion, 0,15 - 12.0 micrometars:

0.69913 )\2 0.11994 )2 4.35181 \°
2 -
n = 1.33973 + 5y T0.09374)7 * N - (2L, 18)7 | X% - (38.46)7" (15)

where A js in units of micrometer,

This dispersion equation closely fits Malitson's valuss,
with a root mean squars residual of 2.4x10™% in tha sosctral
tegion from 0,22 to about 10.0 micrometers. However, in
extending the use of the squation beyond this region cars must be
exarcised because of the wuncertain accuracy with which it
represents effects of the nearby absorotion bands. In the
infrared regions, beyond 10.0 micrometers, this equation would be
expected to be valid up to 12 micromasterss because absorntion

bands in far infrared regions have 1little effect on the

reafractive iIndex in thes transparent region. [In the uitraviolet




region the situation is different., The nffective wavelength, Au.

can be wused in rasoresenting the total effect of a nuwber of
absorotion bands on the refractive index in the transparent
region tar enough from the first exciton oesk at 0.112
micrometer, but in the spectral range from O0.15 to 0.22
micrometer errors may arise from eyrors in the values of ) »
w hich was determined by fitting the available data at wavelengths
lengar than 0,22 micrometars., An astimate of an upper limit on

the uncertainties can be avaluated by the following ajuation,

obtained by differantiating ea (15) with respaect to Au:

an - oieszgijv (’*u:’*u ).

(16)
whera A = 0,112=-) .
u u

The optica) dielactric constant obtained from eq (15) is
2.03866s in nood agreament with that from other work. Tha static
diectric constant imolied by this equation is 6,511, about 0.3
less than Andeen's value (sae table 5). This discrepancy is no
larjer than is to be exvecteds since there are still many
resonant far infrared absorotionss not accountsd for by eq (15),
which make small contributions to the static dielectric constant,
The Sellimeier formula is at best an approximation dascribing ¢the
obsarved data in the transparent region by neglecting the damping
factors in the dispersion squation. Jgnoring ths damping tactors

effectively reduces the magnitude of the coefficients of the

corresponding terms, and leads to a smaller valus of the static




dieloct(ic constant.

In addition tao the room tempsrature refractive indexs dn/av
data is needed for avaluation of n at other temperaturses. Amon1
the alkaline earth halides» calcium fluoride is the only material
for which dn/dT has bmsen frequentiy investigated. The resulting
data are given in flgure 10 apnd table 13, It is ciear from
figure 10 that discrepancies between investigators are aquits
appraciable at wavsisngths Jongsr than that of visiblia light,
However, the magnitude of the discrenancies s in the order of 1
to 2x10~% K=, and they may be due to uncertainties in the
datermination of refractive indicess because the temperature
irtervals wused in these axperiments ara in general less than 109
degraes; thus discrenancies of a few units in the fiftth decimal
place or of one wunit in the fourth place of tha refractive
indices will give noticeable discrepanciss in dn/dY. It «casn bs
seen from figure 10 that the discrepaycies become noticeable in
the ragion beyond about one micerometer in the infrared.
Experimentat errors in measuring refrac.ive indices are likely to
be larqge in this region because no nhotographic method can be
used, However, among ths available data, those reported by
Linson et al. (591, by Harris et al., [60] and by Tsay et al. [92)
wers obtained by using an interferencee method in which dn/T was
determined directliy by obsarving the changes in the number of
fringes in a given temparature interval. This method is believed

to be the most accurate method for the determination of dn/dT.

but data obtained by this method are avaitabia onfy at tive




spectral liness of wavelengths 0,.,32%» 0.4416, 0.6328, 1.15 and

3.39 micromsters,

With the existing data we have no afternative but to use the
data of Micheli (561, Liabreich (57, 581 and Malitson (&AR] at
wavelengths shorter than 0.8 micrometer in the determination of
tre coefficients of the constant and ultraviolet tarms,
r0glecting the infrared tarms. This aoproximation is valid
because a simple calculation witl show that the effect of the
Infrared terms on dn/dY in the wavelangth range mentioned is less
than O.1l» whils the magnituds of dn/4T is about 10. Then, by
using the data of Lipson et al. [59]) and of Tsay 9t al. [92] in
tte calculation of the coefficients of the infrarad termss, we
fcund the aquation given belows which closely fits the selectsd

data:

44.9 M4 + 181.54 A2 N
A2 -(0.09374)%)% " )\? - (38.46)°

dn _ _ - 2 _
20y = 16i6 57.3(n% - 1) +
(17)
4+, 1654.6 N
D\ - (38. 46)T]2

Data on the temperature dependerce of dn/dT have been
obtained for five spectral | ines by Houston et al. (471,
Selezneva [(68), Lipson et al, [59) and Tsay et 13at, 192], The
measurement information and results of their work are givean in
tables 15 and 16 and are plotted in figure 11, A general trend

revealed by the availabiae data is that in the vicinity of room

temperature the magnitude of dn/dT ivcreases slightly with




temperature. Although availsble data on dn/dY7 versus temperature

are limjited to a few particular wavelengths, the sama trend is

likely

{
!
to hold at other wavelengths. A similar effect was noted g
I

by Matitson [48), Ths possible origiv of this increase was

d iscussed by Lipson et al, and Vsay et al,» with the conclusion f
i

that the dn/dT of CaF, exhibits a variation with temperature

cemparable to that of the thernal expansion coefficiant,

the variation of dn/7dT with

relation between

However, the

tamperature and ths change of the thermal expansion coefficient

applications because it

has not yet besn established for genaral

varies very much with wavelength, For the time bsing the

application of eq (4) to evaluate dn/dT at temparaturss not Ffar

from 293K is recommended.

(15) and (17) were used to generate the reference

fquations

in the table of recommendsad valunss, The values of dn/dXx

data given

were simply evatuated by the first derivative of 2q (15),

Although the values of n are given to the fifth decimal place and

those of dn/dT to the ftirst, this does not refisct the accuracy

and realijability of the results: they are so given simply ¢tor

smoothness of tabulation. For ths propesr use of the tahulated

values the reader should follow he criteria given Helow.

for refractive index:

Estimated

Wavelsngth range

micrometer uncertaintys?t

0.005

0.[5—0.20




For dn/dT:

7.20-0.30
0.30-0,.40
0.40-9,0
9.0-10.0

10.0-12.0

0.15-0.20
0.20-0.30
n.qo-lvoo

1.0-6.0

6.0-10.0

10.0-12.0

N. 0005
0.0002
0.000%
7.0005

0.005
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RECOMMENDED VALUES ON THE REFRACTIVE INODEX AND ITS WAVELENGY) AND

TENPERATURE DERIVATIVES FOR CALCIUM FLUORIDE AV 293x"

TABLE 8.
A " -dn/d\ dn/dT
gm 7L ) WKt
0.150 1.57696 Y,10791 6ol
0152 1.57095 2.9003% 5.2
8.154 1.565%% 2,71219 4.3
8.156 1,56009 2.54122 3.6
8.158 1.55517 2.3a540 2.9
8160 1.55054 2.26299 2.3
0+162 1.54K13 2,112°%2 1.7
0.166 1.54208 1,992€A 1.1
0.166 1.53871 1.88234 [ )
0168 1.53455 1.7806? 0ot
0.470 1.5310" 1.£%57 -0.3
8.472 1.52780 1.599u? 0.7
B.176 1.52668 11,5195  <1.1
0.176 1.52172 1.4L354 ~1.5
04178 1,51%90 1,.373€2 ~1.8
0180 1.51622 1.310MG2 ~2.1
0.382 1.51%n7 1,2L754 ~2ab
0.186 1,51123  1,19061 ~2.47
Ge186 1.59%40 1.13730 ~3.0
Q.188 1.50A64 1,0A731 ~3.3
0,190 1,50455 1.96N3A -3.5
8.192 1.577°51 0.9%%2k 3.7
0.196  1.5005%6 0.95475 =4 o0
0.196 1.49967 0.915€3 4,2
0.198 1.69A30 (,87875 <4.4
0.200 1.49514 0,439 b .6
0.202 1.%9352 0.%1101 ~h .8
0.204 1.43193 Q.779r7 -4 .9
0,206 1,49989 0,75039 -5,t
0.208 1.48%93 0,72246 5,2
0,210 1.48751 0.69596  =5,.4
0,212 L.WA%16 N.E735P¢ 545
0.216 1.4%483 9.6LASTL -5.7
0.216 1.4835A 0.62419  -5,9%
0.21% 1.48233 0.60258 -5,0
0220 1.48t14 0.510199 6.1
0.222 1,4R307 0.5623% 642
0.226 1.47887 0.543F8  =6.3
0.226 1.47733 D.52583  -6.4
0,228 1,47679 (0.S508A0 “6,5
0,230 1.47579 0.49252 =6,6
0,232 1.6T6R7 (,476¢64 “6.7
8.234 1.4738% D.eh20n 6.8
0,236 1.47297 Q.4u7AT 6.9
0.238 1,67209 O.u3619 7.0
0.2640 1,6712% 0.62112 =7,
0,242 1,47040 0.40AFD -7.2
0.2 1.46959 0,39658  ~7.?
0.20% 1.4ARR? 0, 38505 7,1
0,243 1.,46R06 0§.37398 7l
0250 145732 0,.16315 =7 .5
8.252 1.4bhhy 0.5 *13 -7.%
0.266 1.4h5%1 0,3L330 =7.h
0256 1.4552" 0,316 =7.7
04258 100057 0,367 =r.7
0.260 1,6H39%  0.31A01 “7.9
0262 g, 4nt% 0,30754 YN ]
0.266 ¢ 4n270 0.79%n  -7.9
$.200 ¢ 46,711 0,791F63 -%.0
02608 § 4h156 0.2860R -1.0

A ~dn/d\ dn/dT by s -dn/d\ dn/dT

um um-! 108 K-t gm _pmt 1076 K-t
8.270 146037 0.276A0 -8.1 0.700 3,43180 Q0.0145% -=t0.¢€
04272 1.46003 0.2€6974 A, 1 0720 1.63152 0.013%1 -13.,¢
0,276 1,45930 0.26300 -8+2 0.740 1.43126 ©6.012€3 ~-10,°F
0.276 1.45938 0.25645 -8,2 0.760 1.43102 0.081179 -10.¢
0.278 1.L5887 (0.2501% -8,3 0.760 1.43079 0.01137 ~-10.6
0.280 1.645A38 0,2404018 -8,3 0s800 1.43057 0.01Q042 =-10,7
0.282 1.45789 0.23811 8,4 0.820 1.43037 0.09986 -19,7
0.2804 1.45742 0.23240 ~8.4 0.A40 1.,4301% 0,00932 -10.7
0.206 1.45696 0,226M7 -8, 4 0.860 1.43000 0.02885 -t1.7
0.288 1,645652 0.,22153 ~8.5 04880 1.,42982 D0.00843 -119,7
0,290 1.45808 0,21A36 -8,5 0.900 1.42966 (0.00805 -f0.7
0,292 1.455A5 0.21135 -8.6 0.920 1.42950 §¢,.03770 ~-t10.7
0294 1.4552%3 0.20650 A6 0,940 1.42935 (.38739 ~-1u0.7
0.29% 1.L45u82 0,201A0 -8.6 0.960 1.42921 Q0.007211 =-10.7
04298 1.45442 0.1972% 8.7 0.980 1,42907 0.0068s ~-1G,.7
0.%00 1.45403 0,19284 -8.7 1.000 1.42893 0.006€3 -10,7
0.%05 1.,65310 0.18239 -3.0 1.050 1.42861 0.5061¢ -10.48
0.310 1.45221 0.,17271 -8.9 1,100 1.42832 0.080576 ~-13.8
0.3%315 1.65137 0,16372 -8,9 1150 1.42R04 0.00546 -10.8
0.320 1.45857 0.15536 -9.0 1.200 1.62777 0.33522 ~-10.8
0.326 1.469% 0,.14757 -9.1 1250 1.4275% 0.00505 -1C.H8
0e330 1649309 0,16032 -9,.1 1.300 1.,647726 (.004%1 -13.9
0335 1.6bAL1I 0,133564 -9.,2 2350 1.42702 Q0.02681 ~-13.8
0,340 1.44776 O0,12721 =9.3 1e00 1.42678 J.004264 -10.%
0,345 1.h6716 0,12128 -9.3 1.450 1.42€55 0.00470 =~-10.8
0.350 1.44654 0,.11573 Rl 1Y 1.500 1.42631 0.004€7 -10.2
0355 144598 0,11052 Q.4 14550 1.42€02% 0.004¢7 -iD,%
0,360 f.64544 0,10563 -8, 5 2.690 2,42585 0.00468 -~13.#
04365 1.4L492 0,10103 -9,5 1.650 1.,42%561 0.0347¢0 =~-10.°
0370 1e4bb43 0,09670 =-3.6 1.7C0 1,42538 0.00473 -10.8
04375 1.64396 0.09263 *3.6 1750 1.42584 Q0.30477 «10,.M
0380 1.464350 Q.0R878 -3, 6 1,800 1.42490 0.00682 -13.%
Ge385 1.44337 0.08516 -9.7 1,850 1.4246% 0,00483 ~13.8
0.390 1,%62F5 D0.0M173 -Q.7 1.9400 142041 0,009 ~10.8
04395 1.44225 0,07849 -9.7 1.950 1.424t€ 0.07501 -10.8
0000 1obL41% Q0.07563 -9.1 2,000 2.42391 0.,03508 -~10.%
Jo.410 t.bbils QJ.06978 -9.8 2.0%0 1.42365 0.03516 ~10.8
0620 1,06LD47 D,0€4%9 -9,9 2.100 1.42%39 0,03524 ~12.%
0.6430 1.43986 0.060%1 ~9.9 2.150 1.47%13 J,20532 -10.8
Debets 0 1,43926 0.05597 =10.0 2,200 1.4224%° 0.00541 ~10,8
0.450 1.43872 (Q.0522% -10.0 2,250 1.42259 0,025¢3 ~13.8
Q.60 1,63822 0.04R80 ~-10.1 2,300 1.42231 0.035%% -t0.8
0679 1,43775% 0.,04569 -10.1 2350 1.42203 0.00569 -10.%
0.680 143730 0.04245 =10.1 2,400 1.42176 3,0057% ~13.%
0.490 1.43689 Q,04025 ~18.2 2450 f.42145 0.00588 ~-10.8
0500 1.43650 0.03787 -10.2 2.500 t.u211€ 0,.00597 -10.8
0.510 1.43613 0.03%568 =-10,2 2.550 1.42085 0.00€08 ~-10.8
0.520 1.43578 0,03367 ~10.3 2.600 1.4205% 0.07613 =-1d.%
0530 1435646 0.03182 <~-10,3 2,650 {,42024 0.00629 -10.°%
0.540 1,%3515 00,0301t -10.3 2,700 1,421992 0.0264&0 ~10.7
0.550 1,L3485 (,02RS53 =10.3 2.750 1.41960 0.00650 -10.7
0.560 L.63458 0,02706 =10.% 2,000 1.41927 0.00661 <-10.7
04570 f.03431 0.02571 ~10.4 2.850 1.41¢9¢ 0,08672 ~-10.7
04580 1.63606 0.026045 «10,4 2,980 1.41860 0,.87683 -10.7
0.590 t1.43%92 0.02328 -10.% 2,950 1.418.5 0,0069% <~1G.7
0.600 1.63360 0.02219 <10.,4 3.000 1.41790 9.00705 ~=10.7
0.620 1.43%7 0.0202% -10.5 3050 1.41755 06.00786 -10.7
0.h40 1.43278 0,01A52 -10.5 3.100 t.417t9 0.00728 -310.10
B.600 t.43243 0,01782 ~10.5 3.150 1.%3¢%> 0,00737 ~-t0.7
0.nA0  1.43210 0.01570 <~10.9 3.200 1.616kS 0.00750 -10.7

P ve




TAGLE 8. RECOMMENNED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND

CEMPERATURE DERIVATIVES FOR CALCTIUN FLUORIDE AY 2934 (COkIINUEDl'

A

gm ym-t s K- pym - _pm™! K-t _pm _pm! 1 K-t
3,250 1.41A07 Q.007€2 <~10.7 4.A50 1.40077 9.01159 -~-10.1% 7.900 1.35199 0.020%6 . X1 J
3300 1e415R8 0.00776 -10,7 4.900 1.40019 0.01172 -10.1} 8.000 1.34989 0.02121 -%.2 :
3,350 1.41530 0.00785 =-10.7 ©.950 1.399A0 0.01185 -10.3 8.200 1.3477% 0.021%7 -8.1
3,400 t.b1490 0.00797 -10.6 $.000 1.39970 0.01199 =-190.2 8.200 1.34557 0.0219 -8.0
3,450 1.61450 0.00809 <13.h $5.100 1.39779 0,0122% -10.2 8.300 1.34336 0.02231 -7.9
3,500 1.61699 0.00A20 ~-10.6 6.200 1.29655 0.01283 =-10.2 8,400 t,36111 0.02269 “7.8 :
34550 1.61368 0.09A32 ~-10.6 5.300 1.39579 (0.0128¢ ~18.1 9.500 1.33a82 0.02307 -7.7
3.600 1.61%26 0.00A&G -10.% 5.400 1.39399 0.01307 -10.1 8.600 1.336u9 0.02345 -7.5
3,650 1.61783 0Q.00856 -10.% £.500 1.392%7 0.01335 -10.0 B.700 1,35613 0.4d234¢ “Teb
3700 1.81260 0.00MF8  -10.h 5.600 1.391312 0.01363 =10.0 8.800 1.3317% 0.0242¢ -7.3
3750 1.41197 0.00AR0 -10.6 5.700 « 28995 0.01391 9.9 8,900 1.32¢28 0.0246% -7.1
3,600 1.4115?7 0.00893 =13.k 5.800 1.388S4 0.01420 -9.9 3,000 1.32&80 0.02500 -7.0
3,050 1.61107 0.00905 ~10.6 5,900 1.38711 0.01644% -9.8 9.100 1,32427 0.082546 ~HeR
3,900 1.41062 0.00917 -1%.5 6,000 1.385A4 0,01677 ~9.8 9.290 1.32171 0.025a7 -6.7
3.950 1.%1016 0.00929 -10.5 6,100 1.%8415 001506 ~947 3.300 1.33910 0.02630 -6.5
§.000 1.69963 0.0094&2 <~10.5 6,200 1.38263 0.01536 -9,7 9.400 1.31665 0.02673 -6.3
6,050 1.40921 0,.0095¢ -t%.5 6,300 1.38108 3.01566 ~9.6 9.500 1.31375 0.9271% =641
6,100 1.60873 D3,009Eh ~10.5 ho00 1.37950 0.0159% ~9.6 9.600 1.31101 0.22761 ~6.0
44150 1.40425 J.00979 ~19.5 6,500 1.3778%9 J.01626 ~93,5 9.700 1.30823 0.02406 5.4
%200 1.40776 0.0099%F -~103.5 6.600 1.37625 0.01657 -9 4 9.8080 1.30540 0.02852 “5.6
&e250 1.60726 0,01006 =-10.5 6,700 1.37458 (0.01688 “9e4 9.900 1.30253 0.0289% =S.4
4e300 1.40675 0,01017 <~10.5 6.800 1.37237 0.01719 -9.3 10.000 1.29961 9.02945 =542
44350 1.40626 0,01929 <-10.0 6.900 1.M7114 J.017S0 ~9.2 10.290 1.29362 0.03042 -H.7
4,400 1.40572 C.01042 <~10.0 7.000 1.36937 0.01782 ~9.2 10.600 1.28766 0.03142 -4.3
botS0 1.40520 0.01N055 <1044 T«100 1.36757 J.01785 ~9.1 10.600 1.28105 0.0324%5 3.8
4500 1.60467 0,010€8 ~=10.4 7.200 1.3657s 0.01847 ~9.90 10.800 1.27445 0.03352 -3.3
4,550 1.60413 0.01080 ~t10.0 7.300 1.363%8 (0.018a0 ~%.9 11.000 1.26764 (.33464 “2e7
4.600 1.47%59 0,01993 -10.4 7.400 1.36198 0.01913 ~-8.8 11200 1.26060 0.03579 -2.1
4,650 1.4030& 0,01106 =104 T.500 116005 N.01947 ~8.7 11,600 1.25332 9.03699 “1.€
%700 1.60268 0.01119 =-10.3 T.600 1.35%09 0.01981 -8.7 11.600 1.2458%0 0.03823 ~0.8
4,750 1.49192 0.01132 -=19.% 7.700 1.35609 0.02016 ~8.6 11.800 1.23%02 0.0%953 ~0.0
%.800 1.60135 0.01146 =-10.3 7.800 1.35406 0.020590 ~8.5 12.000 3.22¢98 0.04089 0.7

. IN THIS TAILF 4ORE NECIVAL PLACES ARE PEPORTED THAN WARRANTED MERELY FCR THE PURPQOSE OF TAaBULAR
SMOOTHNESS AND INTEONAL COMPARISON. FOR UNGCFRTAINTIES OF TAGULATED VALULS IN VARICUS NWAVELENGTH
RANGES, SEE ThF TEXT OF SUSSECTION 3.t.
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3.2 Strontium Fluoride, SrF,

Strontium fluorides, one of the fluorite-type crystals, is of
considerable Iinterest from the expesrimental and theoretical point
of view., The compound is ionic buts, in contrast to NaCl-tyse
crystals, it has a number of structural features associated
primarily with the nrasence of two aguivalent F~ ions in a unit

celil,

Strontium fluoride crystal has a large slactronic forbidden
gap and therefore tha fundamental! absorption is found to be in
the vacuum ulftraviolet beyond 10 eV. AS a consequeénce,
t ransparency of the crystal extends into ultraviolet region to as
low as 0.12 micrometer. This makes strontium fluoride a material
useful in ftabrication of optical components for vacuum

Jl1traviolsat investigations.,

The strontium fluaride crystal belongs to the space group n;
ard is expected to have onea infrared active transverse opticsal
moda (T0) of vibration, The corresponding strong resonant
absorotion occurs at about 46 micrometers. Howavar, the long
wavelength (imit of transparency for nptical usages is about 20

micrometers.

Although the crystal is transparent from 0,12 wuwp to 20
micrometers, only in the region 0.3-7 micromaters is the
disnarsion (ow and the trensmission high. Lless transmission and

highar dispersion are found near the low and hiah timits, From

e e
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the noint of view of optical anplications, the crystal is a good

w indow material for wavelengths from 0.3 to 7.0 micrometers, and
is » oreferred matarial of disoersion devicess, such as orisms,
far regions near the wultraviolet and infrared limits of the

crystel.,

Having low dispersion and high transmission in the spectral
ragion of 2-6 micrometerss being not hygrosconics having a high
optical figure of merit and having better mechanical oronerties
than ¢the alkali halidess the strontium fluoride crystal is anong
the serious candidates for laser window matarials. The
w idespread wuse 92f SrfF, as a host crystal in laser applications
encouraged attempts to grow single crystals with 1Jow impurity
cantent, Howsver, difficulties werea experianced in the growth of
pure crystals because of the (Iow afactronic mobitity of
conduction electrons in the crystal. Synthetic material of high
ourity is now commercially available or may be made by reacting
the ourifjed oxide or chioride with gaseous HF, Single crystals
of SrF, can be grown by using the Stockbarger—-Bridaman technique
tt adeaquate precautions are taken to uviiminate oxygen and water
from the atmosphere of the growing process. The crystal cleaves
readily along lislsel) olanes which mest to form <1s1,0> cleavage

edges. The clsavage is of value in the atignment ot specimens.

It would be mislteading to think that the ootical prooerties

of Srf have been extensively studied and that experimantal data

are readily at our disposal. A quick scan of the data will show

Ao
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that there are wide gaps and large discrepvanciest sere figure 12

and tables 19 and 20.

Strontium fluoride Is receiving considerable attention since
Ig has a nearty ldeal host lattice for paramagnstic ions, The
lonic radius of Sr**{1.10A) is close to those of the ions of the
rare—-earth group and certain elements of the actinide agrour.
Strontium fluoride dJoped with up to one percent of some foreign
ions demonstrates observable fluoresceanca. Because of this, some
invastigations have bseen directed toward finding evidence of
interactions between electronic transitions and lattice
vibrations of this host crystal, Data from this work s
ccncentrated near the raestrahlen ragion. Only one set of data is
available for tha refractive indax in the i{nfrared raegion fron 15
to 80 microwaters: Kaiser et al, 1171, The accuracy of this set
of data is open to question because it was deduced from the
reflaction spectrum by classic disnersion theory. However, the
soaectrai positions obtained for the fundamentai absorotion pesaks
were in agreement with those obtained from other sources. In
additions the static dislectric constant derived from the
disparsion squation agreses with their own experimanta! values,
which in tuen agree with measurements of Andeen et al. 119) and
of Lowndes (151. This additional evidence positively support the

corrsctness of their nositions for tha infrarsd absorntion peaks.

At the other extreme, roeseoarch activities wera directed

toward findina tha etlectronic structure of the crystal. Since




strontium fluoride has a ltarge forbidden gap» much of the work
was carrisd out in tha vacuum ulttraviotat, Llukirskil et al.l(63]
neasured the refractive index for the wavelength regiaon from
0.002 to O0.112 micromaters, Niser et 21.12%] for 0.03 to 0.1234
micrometer and Ganin et al.(53) for 0,06 to 0.79% micrometer.
Since all of them obtained their results by reducingy the observed
ref laction spectras discrapancies among their results are to be
exoacted. Howevers, 2all these studies yiold ;inilat structures
for the spectrum of the refractive index in the vacuum

ultraviolet, as shown in figure 12.

With regard to the refractive index in the transparent
regions 0.3 to 7.0 micrometerss it is unfortunate that data are
available only through three exparimantal investigations.
Refractive indices for the mean of the sodium D tinss and for 4.5
micromsters were renorted by Wulftf et al, [A2] and by Gisin (b6&1,
respectively., Gisin's valuas, which were obtained for thin films
ot various thicknesss are axpectad to be fower than that of the
bulk crystal. The only data set which covers a wida transparent
region from 0,37 to 10 micrometer is a set of preliminary data by
the OPTOVAC companys compiled by Dickison [65]1, As ths data set
was presented in a coarse diagrams values read from this diagranm
carry large uncertainty, particularly in the near ultraviolet
region where the oiotted dlagram curves most. As a resuit, the
valuss read from the diagram are not adequate for data analysis.
In additions, Dickison quoted two values for refractive indices at

wavelengths 4,0 and 10.0 micrometers. The value at 4.0
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micrometer is 1.4% (for a Hargshaw grown crystal) which adifters

censiderably froe that read from the QPTOVAC diagram, about 1.41.
The value at 10.0 micrometsrs is 1.36, which Iis consistent w#ith
the valus from the diagram. Therefora, we are 12ft only ons
single reliable refractive index valuye, that for the maan of the
sodium D lines by Wultf, The valus 1,36 at 10.0 micrometers,
though not accurate, will! be used to svaluate the coefficioents

tor infrared terms,

From this brief review of available datar it may appear that
we lack data to make recommendations. Howaver, wse are not
prevented from making resonable predictions because we do have
information on infrared absorption pesakss, the static dislactric
constants, the optical dielectric constant ani the available
refractive indices at 0,589 micromater by Wulff (621 and at 10
micrometer from OPTAVAL diagram. A correlation of these
quantities through the dispersion equation is possible. Since
reliability of the oredicted value depends flargesly on the
rel jability of thesa oparameterss, 2 careful selection of the
available data for thase parametsrs plays a dacisive rola in

making recommendations.

The available 1Jata on the opntical and static dielectric
censtants and the wavselength of thae fundamental opnptical onhonon
tfcer SrF2 are given in tables 4» 5, and 6, whers valuas reported

by different authors were grouned to facilitate an 31sYy

comparison, From these tablias, the oparameters at room

e 1 pprarpc e o




temperature are chosent

£, =6.,4679%0.0006 {Andesn et at.)»

0
ALO:ZG.03 Umes average of two entries in table 6,

AT0=#5.620.6 um » average of three entries in table 6,
Furthermore, two facls were observed in the study of Caf, and
BaF,: the value of the constant term in each of the dispnersion
equations is the samas 1.33973, and the effective wavelength of
the wultraviolet absorption band in sach case agrees closely with
that astimated from Rubloff's work, Assuming that this is also
the cases for SrF,» the coefticiant of the ultraviolet tarm can
easily be datermined. As the contributions of the Infrared terrs
to the refractive index at 0.584G micrometer are negligibly smati,
the uv coetticient can be obtained by including the first two
terms in the dispersion equation, Usinng Wulftt's valume, n=1,6442,
a simole calculation yields a value 0,720 for the coefticiant,
which aqgrees well with the value, 0,73, based on the difference
of the optical dielectric constant aid the constant in the

disnersion equation.

In the determination of the coefficients of infrared terms,
two observations are taken as quides., In the first olaces the
s5um of the coefficisnts in the’dlsoersion sauation should agree
with the static dielectric constant, However, in the cases of
CaF, and Baf, this sum is less than the corresponding static
dielactric constants, about 0.3 less for CaF, and 0.5 1less for
BaF,» because of the spproximation of neglecting the effacts of

damping factors and absorption bands other than the predominant
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cnes. A similar difference is likely to hold tor SrF,, and 2
value of 0.4 is assigned to the discrepancy» corresponding to the
average of those for CaF, and B8aF,., The second fact iIs that the
contribution to the refractive index from the T0 phonon
pradominates over that of the L0 ophonon, With tnese
considerations, and by using the valus 1.3¢ for the refractivae
index at 10 micrometers, the coefficients of the infrared tsrms
can be calculated. The results are 3,940 for the TO term and

0.N66 for the LO term,
The dispersion equation thus obtained is

0,720 \? 0. 066 A 3.94 )\
n? = 1.33973 + 575 095667 * XT - 26.037 ' AZ-45.60°°  (18)

Where X is in unit of micrometer., When this eaquation is used to
evaluate the refractive index at 4,0 micrometers, the result is
1.424, about 0.014 higher than that obtained from the QPTOVAC
diagram and about 0.016 lower than that ot thse Harshaw crystat,
The following consideration would lend support to our nrediction,
Or close examination of the OPTOVAC diagram, cne will find that a
wide section of the cur;o between 1.0 to 1O mi-rometers is
actually a straight tine, probably constructed by connecting the
data points at visible wavelengths and at 10 micrometers. This
is in contradiction to the generaf tehavior of the refractive
index as a function of wavelength, As a rule of thumb, the
refractive index varies sliowly Iin ¢the wide middle section of

transparent region, bhut large variations occur near the ands.




According to this rule, the refractive index at 4.0 micrometer

should be higher than the disgram indicates. The quoted

refractive index valus for the Harshaw crystal is soparentily too

high for opure strontium fluoride. A simple calculation shows
that this value is the square root of the optical dielectric

constant, The contribution to the refractive index in the

transoarent region from the infrared terms s alwiys neqgative,
At 4.0 mwicrometers the rafractive index must be tower than the
square root of optical dielactric constant. The high refractive

index for the Harshaw crystal is probably due to impurities.

Equation (18) s wused to represent the refractive index of
SrF, at 293K from 0.15 to 14.0 micrometsrs. As this equation is
obtained mainly by correiation of physical parameters which are
either available through literature or estimated empirically,
targs wuncertainties are expected, esoecially near the lirits the
of transparent region, The asgtimated wuncertainties in the
refractive index for the wide middle section, where the
dispersion is lows is about 0.005. In the wultraviolet region
from O0.15 to 0.3 micrometer, additional uncertainty is estimated

using the formula:

on - G (M),

where A\l=0.l19-xu. {n the infrared region from 7.0 to 14.0

micrometers the additional uncertainty mainly comes from the

uncertainty (estimated at 0.4) in the static dielectric constant,
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The oredominant contribution to the uncertainty is An = &%Jliyibégj;%.

Altthough Sr¥

A has been recognized as a g9goo0od optical

material, especiatly for laser apptications where the temperature
derivative of the refractive index is a parameter of prime
importances the experimental data on the refractive index s
scarce., With regard to dn/d7 data nothing was avalilabls until,
recentiy, Lipson et al. [59) reported dn/dT maasurement for thrae
spectral liness 0.6328, 1.15 and 3,39 micrometers, and Tsay et
al. (921 reported measurements for five tinss, 0.32%5, 0.4416,
0.6328, 1.15 and 3,39 micrometers. The available dn/d4YT data is

tfound to fit the squation

dn _ _ 2. 50.0 M4 198.1 )2 1980, 8 )¢
20gy = ~28.0 - 55.2(0% ~ 1) + oy g Goseen? * - 45.67 * [T - 4.7 (20)

Fquations (18) and (20) wers usad to gensrate the referenca
data given in the table of recommendsd values. Values of dn/d)
were simply evaluated by the first derivative of ea (18).
Although values of n are given to the fifth decimal place and dn/dT

to the firsts, this does not reflect the reliahility of the
numbars; they are so given simpiy for smoothness of tibulation.,
For the proper use of the tabulated values the reader shou!d

follow the criteria given below.




For refractive index:

Wavelength range Estimated

micrometer uncertainty,*

For dn/dT:

0.15-0.20
0.20-0.30
0.30-0,40
0.40-7.0
7.7-10,0

looo-l‘oo

0.15-0.20
0.20-0.30
0.30-1.0
1.0-6.0
6.0-9,0
9.0-10.0:

10,0-14.0

0.05
0.02
0.01
0.00%5
0.01

0.0?
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TABLE 1A, RECOMMENOED VALUES ON THE REFRACTIVE INDEX AND ITS KAVFLENGTH AND
TEMPERATURE DERTVATIVES FOR STRONTIUYM FLUORIDE AT 293x°

A 2 «dn/dA dn/dT X - ~dn/dA dn/dT A ~dn/dA dn/dT
gm um-! 108 K=! gm pm-t s K-t __um B ! 1008 K-!
9.150 1.597%9 3.47099 8.9 8,270 1.47069 0.29800 -9.% 0.700 1.43960 0.01682 -12.3 i
0.152 1.59119 3,2%292 r.7 0.272 1.67010 0.29038 -9.2 0.720 3.43932 0,01371 -12.3 b
0.15¢ 1.5896 3.01745 6.7 0.276 1.,46353 0.28303 -9,2 0740 1.43905 0.01271 =12.3
0.156 1.57710 2.42292 5.7 0,276 1,46897 0,2759% =9,3 0-760 1.438A1 9,01182 =12.!
0.158 1.57%64 2.64570 P} 0.278 1.46843 0.2690% <-9.4 0.780 1.43858 0.01103 -12.4 E
0.160 1.5AA51 2,.6R8613 4.0 0.280 1.646790 0.26246 -9.& " 0.800 1,43837 0.01032 -12.4 .
0.162 1.56369 2,33642 3.2 0.282 t.66738 0.25606 -9.5 0.820 1.43817 0,009F8 -12.4
0.164 1.55916 2,20108 245 0.286 1.466R7 0.264387 9,5 0.840 1.43798 0.00910 -12.4
Be166 1.55488 2,076KN 1.9 0.2865 1.,46638 0,2643189 -9.p 0.860 1.43780 0.00%€3 -17.¢ ¢
8.168 1.55084 1,96217 1.3 0.288 1.46530 0.23410 ~9.56 0.880 1.43764 0.00811 -12.4
0.170 1.56703 1.85652 8.7 0,290 1.46542 0.23260 =9,7 0.900 1.43748 0.007€R -12.4
0.172 1.563%1 1,758R3 0e2 04292 1.46437 0.22709 =9.7 0.920 1.,43733 0.00729 -12.5 )
0174 1.5399% 1.664834  =0,3 0.296 1.46452 0.22184 -9.8 0.940 1.43719 3.00694 -12.S
0.176 1.53€73 1,58L36  -0.9 0.296 1.46408 0.21676 ~-9.8 0.960 1.43705 0.006€2 -12.S
0.178  1.533664 1.50630 =1.2 04298 1.46365 0.21184 -49.9 0.980 1.43€92 0.00633 -12.5%
0.180 1.53370 1.43361  -1.6 0.300 1$1.46323 0.20707 =9.9 1.000 1.43€A0 0.00606 ~-12.5
0.182 1.52791 1.36582 =243 0.305 1,66222 3.19577 -~10.0 1.050 1.43€51 0,00549 ~-12.5
0.184 1.52524 1.30250 =2.4 0.319 1.46127 3.18530 -~10.1 1.100 1.43625 0.03593 -12.S
0.186 1.52269 {.26328 2.7 0.315 1.46037 0.17559 =~10.2 1.150 1.43600 0.004€6 -12.¢€
0.188 1.52126 1.1A781  =~3.1 0.320 1.65951 0.16657 ~10.3 1,200 1.43578 0.0036 -12.¢
0.190 1.5179% 1,13579 ~-3.4 0,325 1.45870 0.15A16 <~10.4 1.250 1.43557 0.00412 =17.€
0.192 1.51572 1.085%  =3.7 0.330 1.45793 0.15033 ~10.5 1.300 1.43537 0.00392 -12.¢
0.19% 1.51559 1.06101  ~&.0 0,335 1.45720 0.143C3 <~10.6 1.350 1.63518 0.00376 -12.€
0.196 1.51155 0.99778  <4.2 0.%40 1.,45650 0.1320 =-10.6 1.400 1.43699 0.00364 -12.6
04198 1.50960 0,95705 &5 G345 1,45584 (0.12981 <~10.7 1,650 1,L3681 0.003%6 ~-12.€
] 0.200 1.50772 0.918€3  ~4.7 0.350 1.65520 0.12382 -10.8 1.500 1.43464 0.00346 -12.t %
. 0.202 1.57592 0.8A235 <~i.9 0.555 1.45460 0.11820 ~10.8 1.550 g.43667 0.00340 -12,0
0,20k 1.50419 0.8LADS  <G,2 0,360 1.45602 0411293 =10.9 1.600 1.43430 0.02336 -12.6
0,206 1.50253 Q. A15€1 <54 0.365 1.45347 0.10798 =10.9 1.650 1.43413 0.00333 -12.¢
0.208 1.50093 O0.784RA  =5.6 0.370 1.4529¢ 0.10332 -~-11.0 1.760 1.4339€ 0,00331 -12.¢
0.210 1.49939 0.75576  =G.8 0,375 1.45243 §.09493 -11.0 1.750 1.43380 0.00333 -12.€
0.212 1.63790 2./2816  «5.9 0.380 1.65135 0.09679 -11.1 1.800 3.43363 0.00330 -12.7
0,214 1.49667 0470191  <6.1 0.385 1.65149 0.09088 =11.1 1.850 $.43367 0.00331 -12.7
0.216 1.49509 0.67699  -6.3 04390 1.65108  3,08719 =11.2 1.900 1.63230 0.00332 -t..7
0.218 1.649376 0.65329 =645 0.395 1.65061 0.0837t ~11.2 1.950 1.4331e 0.02336 -12.7
0,220 1.692L0 Q.6%07%  -6.6 0.400 1.85020 0.0806% -11.7 2,000 1.43297 0.00337 -12.7
0222 1.49126¢ 0.60926 =6.8 0.610 1.644943 0.07433 <t1.3 24356 1.43280 0,00340 ~1247
0.224 1.49006 0.58A79  <5.9 0.420 1.44871 0.06886 .-11.4 24160 1.43263 0.03343 -12.7
0.226 1.4%%89 0,.56927 =73 D.430 1.44805 0.06393 -11.5 2,150 1.-%745 2.00%47  -12.7
0.228 1.4A777 0.55065 7.2 0,060 1,464743 0,05948 —11.5 24200 3.432°F 0.00351 -12.7
0.230 1.48668 0.53286 -7.3 0,650 1.LL6R6 0.05563 -11.6 2,250 1e43710 0.00345  -1Z.7
04232 1.48563 0.515A7  ~7.8 0,660 1.66€32 0.05176 =116 2,300 1.43192 0.003¢3 -12.7
g 0,236  1.4%452 0,.49962 -7.5 0ok70 1.4L582 0.04842 -11.7 2.350 1.6317¢ 0.003€6 -17.7
0,236 1.49303 Q.e8L08 ~7.7 0,680 1.L4535 0,06536 -11.7 2.600 1.%3156 0.03369 -12.7
0,238 1.4%258 0.46920 7.9 0.6490 1.44492 0.04257 ~11.8 2.450 1.43137 0.00375 -12.7
04240 1.68176 0.45495 <7.9 04500 1.46L50 0.04000 -11.8 2:500 1443119 0.00380 -12.7
04262 1.6%0%5 0.44130 =8, 0.510 ft.446tt 0.03765 -11.9 2.550 1.43099 0,04385 =-12.7
0,266 1,67973  0.42820 8.3 0.520 1.46437% 0,03549 -11.9 2,600 $1.43080 0,00%91 -12.7
0266  1,47915 0.41565 -9,.2 0.530 1.4634C 0.03349 -11.9 2.650 1.43060 Q.00397 <12.7
0e208 §,47433 0.40360 -4,3 04540 1,%6308 0.031A5 -11.9 2,700 3.43060 0.00%02 -12.7
0250 1.47763 0.39203  -8.4 0.550 1.44277 0,02995 <120 2,750 1.43020 0.00408 -12.7
0.252 1.4767¢ 0,38091 -8.4 0.560 f.4e248 0.72837 -12.0 2,800 1.43008 0.0041% -12.7
D.256 1.474n1 g,37023  -9.5 0.570 1.44220 0,02691 -12,0 2.850 1.42979 0.9042t -12.7
0256 1.47528 0,35995 <B4 0.5R0 1.t%19¢ 0.02555 =-12,1 2.900 1.42<5% 0,00427 -12.7
b 0.258 1.47457 g,365007 4,7 0.590 1.48169 0,02429 -12,1 2.950 1.42936 0.00633 -12.7
0.20 1.647%0 g 34056 N, 0.600 t.44165 0,02311% -12.1 3.000 t.4?916 0,00637 -g2.7?
0.262 1.47321 0,3%4g 8,0 8.620 f.44101 0,02099 -12.1 3.050 1.42%92 0.00uwun -12.7
0,266 1,67255 0.%22¢ta  .4,) 0,660 1.44061 0,01916 ~12.2 3,100 1,62A70 0.Q06¢2 <1247
8,766 1.67132 031800 29,0 0.560 1.46025 0.01752 ~=1242 3.150 1.42867 0.02453 ~12.7 {

0.268 1,67130 0.%59p -9.1 0.680 $.43991 0,.01609 ~-12.2 3,200 1.,42826 0.316E5 12,7
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TABLE 18, RECOFMFNDFD VALUES ON THE PFFRACTIVE INDEX AMD YTS WAVELENGTH AND

TENPERATURE DFRIVATIVES FOR STRONTIUM FLUORIDE AT 293« tConTInuED) "

A a -dn/dA dn/dT A n -dn/d:x dn/dT A a -dn/dx dn/dT
pm pat 10 K- um pmmt 10 K-t _ym um! 1t K-
3.250 1.42A00 0.00672 -12.7 5,100 1.41686 0.00761 ~12.6 8.700 £,379%8 0.01366 -11.8
3,300 1.62777 0.000279 -12.7 6.200 1.41609 0.00756 =~12.6 8,800 1.37890 0.01365 ~j1.7
3350 1.42752 0.00685 <12.7 $.300 1.41533 0.,00772 ~12.6 8.900 1.37¢61 0.01405 -11.7
i Jo400 1.6272R 0,00692 =12,7 S,600 f.41655 0.0078A ~12.6 3,000 1.37519 0.01426 -11.6
! 3,050 1,42703 0.00699 -~12.7 $.500 1.61375 0.00803 <12.6 9.100 1.37375 0.01446 ~11.6€
r 3,500 1.42678 90,00506 ~12,7 5.600 1.4129% 0.00819 =~12.6 9,200 1.37230 0.0t%€5 -11.5
1 % 34550 1.42653 0.30613 <«12,7 54700 141212 0.00A35 <12.6 9,300 1.37082 0.01487 ~-1l.4
i 3,600 1.42627 0.00520 ~12.7 5,800 1.41127 0.J0851 ~12.46 9,400 1.36932 0.01508 -1i1.6
3 % 3.650 1.62601 0.00527 -12.7 5900 t1.61041 D0.00RA7 ~12.5 9.500 1.,36781 0.01529 -11.3
¢ 3.700 t.42574 0.0053% -12.7 65.000 1.4095 0.00884 <~12.5 3.600 1.36€27 0.01550 -11.3
3 ; 3,750 1.42547 0.00542 -12.7 64100 1.40A65 0,00900 =-12.5 9,700 1.30471 0.0157% -11.2
3 % J.800 1.42520 0.005un =12.7 6,200 1.40776 0,00916 <~12.5 9,800 1.36312 0.01593 -11.1
! 3.850 1.42092 0.100655 -12.7 Aa300 1.43631 0400933 ~12.5 9.900 3.36152 0.01615 -~11.0
. 3.900 1,42655 0,005€¢2 -12.7 6+800 1.,48547 0.00950 -12.5 10.000 1.35989 0.01637 -11.0
! 3.950 1.642436 0.00569 <~12.7 6.500 1.40491 0,00966 <-12.5 10,200 1.35658 (0.01681 -~10.8
8,000 1.4260% 0.00576 <-12.7 6.600 1.4039% 0.00983 -12.4 10,400 1,35317 0.01727 ~-10.6
. 4.050 1.42379 0.00586 -12.7 6,700 1.,4029% 0,01000 ~-12.4 10.600 1.34967 0.01773 -10.%
3 4,100 1.623L9 0.00591 -12,7 $.%00 1.60196 0.01017 =-12.4 10.800 1.34607 0.01821 -10.2
i 4150 1.062370  0,0059% <=12.7 65900 1.60091 0.01034 ~-12.4 11.000 1.%238 0.01869 ~-10.0
¢ %2200 1.622%9 0.00605 <~12.7 7.000 1.399a7 13.010%2 <12.6 11.200 1.33860 0.01319 -v.8
3
: 4,250 1.42759 0.00A13 -12.7 7T.100 1.9A81 0.01063 -12,3 11.600 1.33471 0.01969 ~9.6
: $.300 1.642723% 0.03620 <=12.7 7.200 1.3977% 0.01087 ~-12.3 11.600 $.3%3072 0.02721 -9.3
d 8,350 1.62197 0.0062% -=12.7 7300 1.39663 0.01106 =12,3 11.800 1.32€63 10,9297« -9.0
: beo00 1.42165 0.70635 <=12.7 T 400 1.29552 0.01122 =12,3 12.000 1432243 QJ.0212n “R.7
% h.450 1.4213% 0.00642 ~12.7 7.500 1.29439 0.01140 ~-12.2 12.200 1.31611 0.02183 -8.4
¢ 4500 1.02101 0.006€0 =12.7 7.600 1.29%24 0.01158 -12.2 12.400 1.31362 0.02240 -8.1
L 4.550 1.02059 0.00R57 -12.7 ?.700 1,29287 0.01176 -12,.2 12.600 1.30916 3.02293% 7.7
E 4,600 1.42035 0.0 3S€5 =12.7 T.800 1.39083 0.01195 -12.1 12.800 1,30450 0.02357 ~Tete
4,550 1.42002 0.006872 =12.7 7.990 1.389%69 (,01213 12,1 13.000 1.23972 0.02619 -6.9
. 4.700 1.41968 0.00680 <12.% 8.003 1.388u6 0.01232 -12.1 13.200 1.294A3 0.02&n1 -€.5
i 6e750 1.641936 0.00687 -12.6 8,100 1.38722 0.01250 -12.0 13.400 1,28580 0.02546 0.1
: €.800 1.41900 0.00695 <-12.6 8.200 1.38596 0.012A9 <=12.0 13,600 1.2%666 0.02612 =5.6
®eAS0 1.41%65 0.00703 <=12.6 A.300 1.38468 0.0128% ~-11,.9 13.800 1.,27<35 0.02680 =51
4.900 1.41929 0.00710 <=12.6 8.400 1.38339 0.01307 -11.9 14.000 1.,272332 0.02750 -4,5
4,950 1.4179 0.0071% -12.6 8.500 1.3A207 0.01327 -11.9

; .IN THIS TA9QLF “ORE DOFCIMAL PLACES ARE REPOQATED THAN WARRANTEN MERELY FCR THE PURPOSE OF TAQULAR
¥ SMOOTHNFSS AND INTERMAL COYPARISON., FOR UNCERTAINTIES OF TABULATED VALUES IN VARICUS WAVELERGTH
‘ RANGFSy SEE THE TEXT OF SUSSECTION 3.2,
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3.3 Barium Fluoride, Bag

Rarium fluoride is transparent in a wide spectral ranae fron
O.14 up to 15 micrometars, The transmittance of a RaF, plate 2.3
mm thick increasss rapidly from a sharo cutoff at 0,1345
micrometer to 85 opercant at 0.4 micrometer and continues at that
level to about 10 micrometerss after which it falls off rapidiy.
The observed transmittance at longsr wavelength varys with the
thickness of the samole. For 2 oplate 10 mm thicks the
transmittance is 50 oarcent at 11.7 microneters and 10 oercent at
13.5 micrometers while 60 percent transmittance at 15 micrometers
can be obtained for a 3.5 mm plate. Because of its wunifornm
transparency in the soectral region 0.4 to 10 micrometers, barium
fluoride is used tor window and lens fabrication, As the laser
technology advancess the need for ootical material with high
optical figure of merit and adequate mechanical oproperties s
incraasing. Barium fluoride, having the required a1dvantages, is
arong the serious candidates for window materials for the

spectral region betwean 2 to &6 micrometsrs.

Unlike calcium fluorides which occurs naturally in large
sizes and of optical qualitys, barium fluoride crystal for optical
applications is synthesized. As a result, early investigations
of ootical properties did not i{include barium fluoride. The
eariiest measurements of the refractive index ware probably wmade
by Wulff (s6] in 1928 and by Wulff and Heig! [62) in 1931, using

the immersion method for the mean of the sodium D ltines. The
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sample they used was in small fragments oroduced by chemical

reactlon,

Synthetic barium fluoride crystals of optical auality were
succossfully grown by Stockbarger during World war I1I, In the
1950°'s synthetic BaF, crystals becams available commercially and
f ound acceptance because of their favorable physical
characteristics and broad transoarsant range, 3af, transnits
further into the infrared than does aither Caf, or LiF. Howavar,
until 1963, the refractive index data of BaF, were reported only
by Houston et al. (471 for the spectrat rangs 0.54 to 1.85
m lcrometers. Data on the refractive index over a2 wide spectraf
range were reported by Malitson [67) in 1964, for the region from
0.26 up to 10.4 microweters, and have sarved as the refarence
data since then, As a matter of ftact, Malitson's data is the

only avaitable set that covers the whoie transnarent region ang

is raliable enough to bathe basis of data analysis.

Kaiser ot at, t171 investigagted the reflection spectrum of
BafF, in the reststrahlen region from 10 to 830 micrometecs
Refractive and absorption indices were doduced from the analysis
of tha reflection spactrum hy Llorentz osciitator thaary. The
strong resonance at 54,3 micromaters was identifisd as the
ootically active T0O resonance, A second resonance about one
order of magnitude weiker than the main resonance s at 136
micrometers. The origin of the weakar absorption was unkown, and

Kaisar oroposed the possibility of a two-phonon combination bsand

i cadiinbidniatss




invotving the TO mode., Howevers thi: weak absoration does not
appaear in Lowndes® work [151s in which the reflection spectrum
wads reduced by Kramers-Kronig analysis. Instead of the weak
resonance at 36 micromaters, Lowndes obtainead a weak absorption
at 29.07 micrometers» which was identified as tha longitudinal
ootical resonances L0 mode. Since Lowndas may havas used a n»uersr
sample than that wused by Kaisars it is likely that the «eak
absorption at 36 micrometers is dus to impurities in Kaiser's

samole,

in the vacuum ultraviolet rejions Fahre ot al. 149]
investigated the spectral ragion from 0,1 to 2.162 micrometer by
Kramers-Kronig analysis c¢f the refinction spectrum, and found a
s trong absorption peak at 0,122 micrometer, the {ower Llimit of
the transoarency of Ban. Nisar ot al, [25) studied the
reflaction spectrum in the enmargy range 8-35 aV and disclosed the
ccmplication of absarption beyond the lower transparent linit.
Simitar obsarvations were carried out by Sanin et al, (53] and

Rublof?t (24]),

From the brief review of avalltable datar, it is claear that
Malitson's data is the only choice for the basis of data
analysis. The oproblem s to find apnropriate inout parameters
for the dispersion aquation. Malitson determined vrefractive
indices for 46 spectral lines, and the values were mathamatically
fitted to a Sellimeiar dispersion sauation as given in table 35,

where dispersion squations proovosed by others are also listed for
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comparisons.

The high frequsncy dislectric constant indicated by

Malitson®s dispersion sequatior is 2.15» in good agreement with
those from other sources. Howaver» the static dielectric
constant calculated from his dispersion equation is 5.976, which
is substantially lower than the exverimental value, 7.36. This
large difference can be ascribed to the low valus of the infrared
resonant wavelength wused in his ejuation, The resonant
wavalength resufting from his best ftit is 46.39 micrometars,

while the acceptad valus derived from ¢the infrared raflection

specteum by Lowndes (15) is $3.33 micrometers, In the
transparent region, the contribution to the rafractive index fram
the infrared term s negative. For a glven set of refractive
i ndex data, the coefficients which in turn is connacted to the
static dielactric constant, depends on the resonant wavelangth in
the term: the longer the wavelengths the higher the coefficient,
It is therefore possibia to obtain a proper combinatior of these
two naramaters to yiald a good fit ta2 the exparimental datar, but
with each parameter in the term having anoronriate physical
meaning., To this ands Droper selection of input onaranatsrs is

essantial,

as iIn the cass of CaF,, tha Seiimeier formula for 3a3F,
consists of a constant, a term giving the UV contributicn and two

terms giving the infrared contribution, The vatues of the

constant, the coafficiant of the UV tern and the corresponding
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effactive wavelangth of the UV absorption band can be determined
by data fitting. However, the coefficient and absorotion band
wavelength for each of the infrared terms cannot be determined in

such a way; one must know one or tha other of the oparameters

because the dispersion of available data values at 1long i3

wavelengths is not high enough for a unique datermination of hoth "
parameters, It is fortunate that the wavelangths of the

ahsorption bands are available and wnll determninad, From tabla
6» the average room-temperature wavelengths of TO and LN optical

phonons are respectively 53,82 and 29,87 micrometers, The result

of a fleast squarss calculation is ths disoersion segquation for

BaF2 at 293 K in the transparent regions 0.15-15 micrometers,

_ 0.81070 A2 . 0.19652 3%  4.52469 \2
2 = .
n® = 1.33973 + 555, 100657 * \¥ - 29,87 * X = 53 827 * (21)

where ) is in micromsters.

This dispersion equation closaly fits Malitson's data with a

root mean square residual of 2.0 x 105 in the snectral region

trom 0.26 to 10,35 micromaters, Although the wuss of this
equation can be confidently extendad into the infrared uon to 15
micrometer, its use in the UV region beyond 0.26 micrometars s
not recommended» bscause the values of ) is determined by fitting
of the.availablo data at wavelangths longer than 0.26 micrometer;
in the renge from 0.15 to 0.2¢ micrometer, larger uncertainties
must be expected., The upper limit of the wuncertainties can be

estimated by differentiating eq (21) with respect to Au:

P T
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an = 0:81070)2 (’\, Mu),

n (22}

NN

where Aku = O.IZZ-AU.

The optical dietectric constant indicated by eq (21) is
2.15042, which agrees with that from other work. The static
dielectric constant implied by this equation Is 6.872, about 0.5
less than Andeent's value [(see table 5). There ara mary causes
for the discrepancy. Two of the essential ones are that (i) we
have ignored smal) contributions from many absorption bands in
the infrared region bayond the predominant phonons: (ii) we have
neglected the damping factors in the disnersion equation.
Neglectinq the damping factors tends to reduce the value of the

static dielectric constant.

With regard to the temperature darivative of the refractivse
irdex of barium fluoride, littlisa work has been done., Although
Malitson (671 also measured raefractive indices for 46 wavelengths
trom 0,26 to 10.35 micrometers at room temperatures in the
nejighbarhood of 238 K and 303 K, the results could not be used to
evaluate dn/d7 because of excessive fluctuations; only tentative
averaged values ofAandT were given, Hea found that dn/dT s
negative over the entire measurer uavqlon;th range. Thera is
evidance that the value of dn/dT tin units of 10-®*K~') ranges
from an avarage of ahbaut -11 Iin the near ujtraviolet to -15 in
the visible and to a ftow of about -17 in thae near infrared; then
it increases to an average of -9 at the {onqg wavsisngth linwit,

Howsvar, more accurate valuess ware given for visible regions from
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0.4 to 0.77 micromsters based on tha observations carried out in
1944 and reported in Malitson®s 1963 work. Other LLY NS
measurements wers resently =made by Lip;on et al. 1591, Harris at
1l. [60) and Tsay et al. [(92]. Thay used the interference method
to obtain dn/dY directly by observing the shift of interference
fringes with temparature. This method is belisved to yvyield
accurate dn/dT valuess, but measurements were made only at five
Wavelanghts, 0.325s 0.4416, 0,6328, 1.15 and 3,39 micrometsrs.
fata on dn/dY remalins scarce, Wwith the 1imited data, the
generation of probahia values for the entire transparent rejion
depends heavily on the selsction of inout parametars and
agpropriate determination ot the coefficients. As in the case of
CaF,» we usa Malitson's dn/dT valuss in the 0.4 'to .77
micrometar region to determine the cosfficiants of the constant
and wuftraviolet terms, assuming that the contribution from
infrared terms s negligible. This assumption is a good
approximation because the contribution of the infrared term to
the visible region is at most less than 0,1 ( in wunits of 10-°
K=*) while the vatus of dn/dT is about -15. Then by holding the
constant and wultraviolet terms fixed, one can evaluate the
coefticients of the infrared terms using dn/dT vatues of Lipson,
Harris», and Tsay., Ths following squation was found to represent

dn/dT of Ba F2 for the transparent region, at 293 K:

dn _ _ _ 2 _ 31.0 A* 225.0 A% 1660.8 A"
2ngy = -8.18 - 59.4(n" - 1) + r 751036557 * 3T = 53,827 Y O - 53,829
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where dn/dT and A ara in units of 10-® K= and micrometars

respectively,

The variation of dn/d¥ with temperature has bean observed by

Houston et al, [(47)s Selszneva [(B848]), Lipson st al. (591 and Tsay 1

et al, (92), Thes measuresmant information and results of their
wcrk are given in tables 33 and 34, and are plotted in figure 138,
whers we see that such observations are limited at five visible
wavelangths., The magnitude of dn/dT s found to increase
slightly with tempsrature. Tha oossibla origin of this increase
was discussed by Lipsons and Tsay, who concluded that the
temperature dependence of dn/dT arises mainly from ~that of the |
trtarmal expansion coefficients x . Howevers the relatlbn between

the dn/d7 variation with temperaturs and tha thermal exoansion

coefficient has not yat been established for general applications
because it varies very much with wavalength, For the time bsing
{ the aoplication of eq (4) to evaluate dn/dT only at temperatures

not far trom 293K is recommended.

Equations (21) and (23) were used to gens:-ate the reference

data given in the table of recommended values. The v.lues ofdn/d}
ware simply evaluatead by the first derivative of eaq (21).
Although the vajlues of n arse given to the fifth decimal place and
dn/dY to the firsty this does not reflect their accuracy and
raliabitity. Thay are so givan simply for smootinsss of

tahulation, For the proper wuse of the tabufated values tha

readar should follow the criteria glven below. ﬁ
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For refractive index:

Wavelength ranga Estimatad
,g micromater uncertainty,*
‘% 0.15-0.20 0.001
0.20-0.30 0.0005
0.30-0,40 0.0003
0.40-10.0 0.0001
10.0-12.0 0.0003
12.0-15.0 0.001
For dn/dTl:
0.15-0.20 3.0
0,20-0.30 2.0
0.30-1.0 1.0
1.0-6,0 0.5
6,0-10.0 1.0
10.0-15%.0 1.5

5




TABLE 26, RECOMMENDED VALUFS ON THE REFRACTIVE INDEX AND ITS WAVELENGTW ANO
TEMPERATURE OERIVATIVES FOR BARIUM FLUORIOE AT 29Ix *

A n -dn/dA dn/dT A ~dn/d\ dn/dT
pm pmt 1Y K-t gm o am=l s K
0.150 1.677A0 & .79950 -0,.8 0.270 1.510% 0.37295 ~-11.8
0.152 1.6Hh%5h L. uuShA “1.8 0,277 1.%509%1 0.3€325 ~13.8
0.154 $.65977 4,12873 “2.7 0+.276 1.50489 0.35390 ~§%.9
0.156 1.65132 3.a4370 “3.5 0.276¢ 1.50819 (.34488 ~-13,9
0.158 1.R6GL0  $5,.5064T ~6.3 0.278 1.%0751 0.33617 ~13.9
0.160 1.63766h 3.35163 PP 0.280 1.506A5 0.32776 ~t4,0
0.162 1.63097  3,.1619% 5.5 0.282 1.50hR20 0.31965 ~14.0
0.164 1.626A%  2.94917 ~6.1 0.2 1.50557 0.31160 ~14,0
0.166 1.6191h 2.77%1% “B6 0.206 1,50695 0,30422 -~14,0
0.168 1.6137% 2Z.ott 7 “7et 0.288 1.50435 0.2990 ~14.t
0.170 $.60A7 2.4A3AA «7.5 0.290 1.50376 0.28981 ~14.1
0.172 1.50392 2,32740 7.9 0.292 1.5031a 0.28296 =1&.1
0.174 1.59933 2.2017” -3.2 0.296 1.%0263 0.77632 ~14.1
0.176 1.54510 2,08557 -A.6 0.296 1.%0209 0.26990 ~1&.2?
0.178 1.59106 1.97807 “8.9 © 0«29 1.50155 0.26369 ~14,2
0,180 1.5A719 1.87426 “9,.2 0.300 1.50103 0.25767 ~14.2
0.182 1.583152 1,78556 9.4 0.305 1.,49978 0424362 ~14.3
018  1.5%034 1,699425 -q.,.7 0.310 1.49A60 0.23026 -~14.3
0.186 1.57672 1,61879 -9,.9 0.315 1.69768 0.20801 ~14.%
0.188 157356 1,563€6 ~10.1 0.320 1.496L1 0.,20667 ~14.4
0,190 1.57054 1,67341 -~10.4 0.326 1.49541 0.19612 ~14.4
0.192 1.5A7h6  1,407E3 =105 0.30 1.49445 0.18629 ~14.5
0.196 1.5h691 1,356 <=19,7 0,335 1.69356 0.17713 ~1&4.5
0.196 1.5672% 1,2°48704 «=10.9 0560 1.6432F8 016857 ~14.b
0.198 1.,55976 1,221%€1 ~t1.t 0.345 1.69106 0,.16058 <=14.6
0.200 1.55734 1,1%239 -t1.2 0.350 149107 0.15309 ~-14.6
0.202 1.5553% 1,1%18 =116 D.355 1.49033 0.14607 ~14.7
0204 1655240 1.0%%¢1 =11.5 0.360 1.4%961 0.1399 «16.7
0.206 1.55167 1.045€3 =11,5 0,356 1.68493 0.13331% ~14.7
0.208 1.56852 1,00%02 ~-tt.8 0.370 1.48%28 0.12749 ~-14.7
0.290 1.56AKk5 0,96Kk59 11,0 0.375 1.u4876% 0.12202 ~16.8
0.212 1.5647% (3.57021 =120 0.380 1.4%706 G.116A7 ~1G.8
0.216 1.56293 0,83673 -12,.1% 0.385 1.48648 0,11200 <~1G.8
0.216 1.56117 0.8r307 <12,2 0.590 1.64859 0..3741 -1k
0.218 1.5%3%7 0.83197 ~12.3 0.795 1.48561 0.103C8 -16.8
0.220 1.537% 0,90247 =-t%.4 0.400 1448491 0.09R38 ~14.,93
0,222 1.5362& 0.77442 =12.5 0.410 1468395 0,09142 -~14.9
0.226 1.53%7T6 0,76773 <12.6h 0,420 1.48307 0.08663 ~14.3
0.226 1.,53%27 0,72731 -12.5 0.430 1.48226 0.087%52 ~-1S.0
0.228 1.5%3145 0.6780% ~-12.7 Dot 1.68150 0,0729% -15.0
0,230 1.53104% 0.6TLAA 12,4 0.650 1.4A0R0 0,0679% ~15.0
0.2%2 1.52915 0.65296 =-12.9 D 460 1.48016 0.06344 =-15,0
0.234 1.537%% 0.,AT1RY  -12.9 0,470 1.47953 0.05929 -~15.1
08.236 1.526R2 0,61177 ~-13.0 B.480 1.47895 0.05552 -1S.1
3.2%8 1.52542 Q0.5%92564 -t1.1 0,690 1.47%62 0.05206 ~15.1
0,240 1.52425 0.57415 ~13.1 0.500 1.,47791 0,04889 ~-15.1
0.262 1.57%12 (0.55654 =1%.? 9.510 1.6?7u% 0.04599 -16.1
0.206 1457717 0,598  -13,? 9.570 1467699 ‘0.06331 ~15.2
0.266 1.5200k (4452352 =133 0.530 14476357 0,06085 =~15,2
0.248 1451772 0,500} =-13.3 0.560 1.47617 0.03857 -15.2
0.250  1.5199%  Q.u9%1A =136 04550 1.6475R80 0.036k67 ~15.2
0.252 1.5%177% 0.473¢  -13.u 0.50 1.6760 D0.03452 ~15.2
0.25%6 1451731 3,4n0¢ AR 0.570 1.47511 J3.03272 -15.2
0.256 L.9tA19  0,4570% =13.5 G540 1.4&7479 D.DV104 ~15,2
S3.258 1.%1970 0,470 -13.h 0.590 1.67643 §.02948 -16.2
.20 1.71%%  G.40704 -18.h 0.A00 1,47620 0.02r03 -15,3
0.202 t.uttnl N6l .t .13,k 0,620 1.071k6 0487542 ~16,3
0.266 1.500nT7 Qubia>a - 1,7 0660 f,47310 0,023t ~-15.%
G-7hh L. 5{(48 0.M1Ws  q3,.7 0.800 1,87276 3.02113 ~15.20
0.24%% 1.5141n 0. A30L  -y%.A 0.680 1.47233 0.0:937 ~15.3

A n ~dn/d} dn/dT

pm _pm-! 1006 K-t
0,700 1.67196 0.0170t% -15,3
8.720 1.47162 0.01643 ~15.3
o748 1,47130 0.01520 =15.3
2,760 1.67101 0.01410 =15.4
0.780 1,67074 0.01%11 -15.4
0880 1.67069 0.017223 -15.4
0.820 1.67025 (Q.0t146 =13,4
8.840 1.47003 0.01072 -1S.%
0.860 1.66982 0.01007 =-15.4
0.880 1,46962 0.00349 -~15.4
0.900 1.46944 0.30895 <15.4
0.920 1.46927 0.00847 -f{5.4
0940 1.46510 0.00%03 ~15.4
0.960 1.46896 0.01763 -~15.4
0.980 1.46880 0.30726 ~1S5.%
1,000 1.46865 0.00692 -~1S5.&4
1.050 1.468%3 (0.03628 ~15.4
14100 1.4583F 0.005€1 ~15.4
14150 1.46776 0.,005%13 -15.¢
1,200 1.46752 0.00474 ~15.5
1.250 1.46729 0.00bL42 -15.5
1.300 1.46707 0.0)%16 <15.5
14350 1.46€87 0.00%% =16,5
1,400 1.,4hE6E 0,00%77 -15.6
1.450 1,L6€0G 0.033€2 <155
1,500 1.46€32 0.003%0 -15.%
1,550 1.46€16 0.0036¢1 -~t5.%
£.600 146598 0,00333 -15.9%
1.650 1.,66581 0.73327 -15.5
1,700 1.46565 0.00322 ~-15.5
1,750 1.46549 J,00%19 -15.5
1,800 1.4653% 0.03316 ~-15.5
1.850 1.46517 0.80315 =<15.5
1.900 1.46531 0.003316 =~15,%
1,950 1.46686 Jo00%316 =15.5
2.07"N 1.,46470 0.09315 ~-19.5
2.050 1.66456¢ 0.033t6 -15.5
2,120 j.L5e38 0.02317 -15.°
2.150 1.4647> 0.00319 -15.5
2.200 1s664W0E C.30322 <=15.5
2.250 1.,46230 0.0032> -1°.¢
2.300 1.646376 0.,00328 -t5.%
2.350 t.46358 0.00%3% -3S.°
2,400 1,636 0.00335 <-15.5
2.450 1.u46326 0.0033n -15.5
2.500 1.6307 0.0034«2 =15.5
2.550 1.4A290 0.0034n -15.5
2,600 1.46272 0,00351 <~-15.%
2,650 1.4625% 0.001¢5 =15.%
2,700 1.46237 0.00%€¢0 =15.5
2.750 1.66219 0.00365 -1%.%
2,800 t.u6200 0.003€9 -15.%
2.850 1.6hIN2  0.00Y76  -fn.
2,900 1.66163 04060374 -1t
2.95%0 1.461%4 Q.003AL -15.5
3.000 1.46175 Q.00%20 -i15.%
3,850 t.46105 D0.0n39% 15,
3.400 1.uh085 G.03403 1.5
$.150 1.66065 0.004600 -16.¢
3,200 t.uh0t& J.Ct611 =15.5
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RECOMMENOED VALUES OR TNF PEFRACTIVE INOEX AND (TS WAVELENGTH ANO

TABLE 26,
; TEMPERATURE DERIVAT IVES FOP BARIUM FLUORIOE AT 293K (CONTINUED)®
H

A n -dn/dA dn/dT A . ~dn/d  dn/dT

pm pm-! 1ré K-t _pm pm~! 108 K-!
3,250 1.46024 0,00417 ~15.5 54200 1.663%1 §.00859 ~15.,6
3,300 1.46327 0.00422 <~15.5 $.300 1.44915 0.00672 <-15.4
3,360 1.459A2 0.0062R8 ~1545 54600 LoebbB4? 92,006A6 =156
3.800 1.45960 0,00636 =15,5 $.500 1.40778 0.00699 =15.4
34650 1.459%8 0,00640 ~35.5 5,600 1.46707 0.00713 -15,3
3.500 1.6591h4 0.09445 <~15.% 5.700 1.44635 0.00726 <-15.3
34550 1.65%9% 0,004€1 ~15.5 5.800 1.44562 0,00740 =1¢.3
3.600 1.45%71 9,004€7. 15,5 5.900 1.44&A7 0,.08754 =15,3
3.650 1.45%A  0,004€3 ~15,5 £,000 1.46411 0.00767 -15.13
3.700 1,65825 9,004€9 ~15.5 6100 1,64334 0,00781 ~15,3
3.750 1.0L5891 0.00475 ~15.5 6,200 1.442556 0.00795 -18§,3
3,800 1.65777 0.00481 ~15.5 64300 1,4417 Q,.00809 =~15.3
34850 1.6L5753 Q(,.006A7 ~15.4 6,400 1,44093 0,.00824 ~315.3
3.900 1.4572R 05,0043 <15.% 5.500 1.44010 0.0083% ~15.2
3.950 1.L57364 0.03499 =t5,.4 6.600 1.63925 0.00852 ~15,2
4,000 1.45679 0,00505 <~15.6 6,700 1.43839 0.00866 =15.2
8,050 1.45A53 0.00511 -15.4 65.800 1.3752 0.00881 -15.2
©.100 1.45627 0.00518 <15.6 6.900 1,436€3 0.00895 ~-15.2
4.150  1.45501 0,0052% =15.% 7.000 1.43573 0.00010 =15.2
©4200 1.4557S 000530 -15,4 7.100 1.83481 0.00925 =15.2
8,250 1.45568 0.00536 <=15.64 7.200 1.6433a8 0.00939 -15.1
4,300 1.65521 0.9054t  -15,4 7.300 1.43293 0,00954 15,1
€350 1.656096¢ 0.00543 -15.% 7.600 1.43197 9.00963 <~15.1
o800 1.45GA7 0.00565 -15.ab 7.500 1.43033 G.Q09R4 =15.1
8,650 1.45%3% 0.00561 =-15.6 7.600 1,43000 D0,00999 =15.1
8,500 1.45410 G.005€% <15t _7.700 1.42990 0.01015 -15.1
4,550 1.65382 0.0C574 -15.4 7.%00 1.42797 0,04030 -15.0
%.600 1.45353 0,00581 <15, 7.900 1.42€9¢ 08.01045 =15.0
4,650 1.45326 0,00587 <-1S.& 8,000 1.42588 (0,.0106% -15,0
4,700 1.45294 0.90593 -15.4 8.100 1.42481 0,01877 -15.0
4,750 1.65764 0.00600 =15.b 8.200 1.42373 0.01092 -15.0
€800 1.,45234 0.00606 =-15.4 5,300 1.%226% 0.01108 =1t.9
8,850 1,65204 0.080613 <~15,4 B.bfD 1.%2151 0,01124 =14.9
6,900 1,45173 0.00619 ~-15.4 A.500 1.42038 0.01443 ~14.9
4,950 1.65162 0.00626 =15.% A.600 1.41923 0,.0115A =-1&.9
$.,000 1,65110 0,00633 ~15.4 8,700 1.%31807 0,01173 <=14.8
5,100 1.45066 0.00646 ~15.6 8,700 1.61689 0,01189 ~14eA

* IN THIS TAALF MOF DECINAL PLACES ARE PEDORTED THAN WARRANTED MERELY FCR THE PURPOSE 0OF TAJULAR
SHMOOTHHESS ANO INTERMAL CNYPARISON. FOR UNCERTAINTIFS OF TABULATED VALUES IN VARIOQUS WAVELENGTH

RANGES, SEE THE TEXT OF SU3SECTION 3,3,

PRANELA e

bY R -dn/dx  dn/dT
ym 7L S L )
8.900 1.41569 0,01206 -14.8
000 1.641648 0,01222 1447
9,100 1.41324 0.01239 -ju,.?
3.200 1.41200 0.,01256 14,7
9.300 1.43073 0.01273 -16.7
9400 1,40945 G, 0L290 -f4.6
9.500 1,L0815 0,01307 ~-14.6
9.600 1.4068% 0,01325 -14.5
9.700 1.40%50 0.01342 -16.5
9.880 1.40415 0.01360 ~-14.5
3.900 1.4027A 0,01378 -14.6
10,000 1.40140 0.01396 -1t
10,200 1.39857 0,01%32 -1u.3
10,400 1.39567 0.014€9 -14.2
10.660 1.39269 0,01507 <~ye.t
10,800 1.38964 0,01545 -16.0
11,000 1.38€51 0.01586 ~=13.9
11.200 1.34330 0,01626 -~13.8
11,400 1,38007 0,016€s -33,7
11.600 1.37€65 0.01705 ~13.6
11.800 1.37319 0.01767 -13.4
12.0C0 1.36966 0.01790 ~-13.3
12.200 1.36€03 0.01834 -13,2
12,400 1.36232 0.01879 -13.0
12.600 1.35852 0.0192¢ ~-12.8
12.800 1.35462 0,01971 -12.7
13.000 1.35%3 0.02019 -12,5
13.200 1.36€55 0.02067 -12,3
13,6400 1,3623€ 0,02117 -12.1
13.600 1.33808 0.021¢8 -11,9
13.800 1.35369 0.02220 -11.6
14,000 1.32920 Q2.02274 11,4
16,200 1.32459 §.02329 -11.1
14,400 1.31588 0.02385 -10.9
14.600 1.31505 0.02443 -10.6
14,800 1.31011 0.02502 -10.3
15,000 1.30506 0.02563 -10.0
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WRAVELENGTH, MICROMETER
FIGURE 17. WAVELENGTH DERIVATIVE OF REFRACTIVE INDEX OF BRhiUM FLUORIDE.
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3.4 Magnesium Fluoride, Hg@ ?

Magnesium fluoride is an anisotronic ionic crystal having a
rutite structure. It has a large forbidden gap and hence it s i
transparent in the UY and is usad as an optical material in this
spectral region. It is of oparticular interest in vacuum UV
spectroscopy because of its wuse as a reflective coating for
mirrors and gratings. 1[It has been faund that a Hsz layer of

suitable thicknesss evaporated onto aluminum, retards oxidation

of the aluminum and greatly increases the rafiectance in tne
vacuum UV, The apolication ot Hng to an atuminum-surfaced
reolica arating results in a much improved etficiancy down to

0.11 micrometer,

The crystal! can be grown in vacuum using tha Stockbargaer

technique., Large spacimens with weinht over 2 kg and diametar of 1]

about 10 cm are available. MgF, is a uniaxial positive crystal
and is transoarent from 0,11 to 7.5 micrometers., When used as a
reflactor, it is hightly oolarizing for wavelengths less than

0.124 micromster.

Afthough this material is transoarent in the infrarsd un to
7.5 micrometerss measuraments of refractive index ware carriod
ot only for the ultraviotet and visible reglons. This fact can
be rmalized ftrom tables 37 and 38, in which we have compiled 38
data sets, including a faw sets of thin ftilm data for comoarison.

It is clear from the table that the majority of the measuremasnts

are atther for vacuum ultravioist beyond the transaarent region




or for thin fiims, For the transparent region, Steinmeltz et al.
(771 reported refractive indices of ordinary and extraordinary
rays for four spectral (ines from 0.178 to 0.2894 micrometer.
Juncanson et al. (18] measured the refractive indices for the two
rays at 18 wavelengths in the visible soectrum (0.4-0.7
micrometsr). In our compilatior, 0.7 micrometer is the [longest
wavelength at which both n, and n, have been measured. No
mneasursment of n, and n, beyond the visible in the infrared
region has been reported. However, refractive indices for the

infrared region from 1.0 to 9.0 micrometers are avallable for

IRTRAN 1, a hot oressed polycrystaliine magnesium fltuoride.

As mentioned above, the available data on the refractive
irdices of single crystals are veory scanty, The crystatlt is
transparent for a quite wide spsesctral ragion, sbout 7.5
micrometers in width, yet measuremsnts have bsen carried out only
over a range 0.9 micrometer in width, less than 7 oercent of thes
total transparent region. Although Duncanson's values are
accuyrate and reljables the spectral range covered Is narrow.
Furthermore, the dispersion in the refractive indices Is small,
from 1.38399 to 1.37599 for the ordinary ray and from 1.39565 to
1.38771 for the extraordinary rayy not suitable for a wide range
rediction, AS a ‘result, the Hartmann interoolation formilae
(pronosed by Duncanson at al. (181} )

n=1.36957 ¢ 0.003582i/71{)-0.14925) for ths ordinary ray

and n=1.38100 ¢ 0.0037415/()-0.14947) for the extrsorinary rays
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are good only for the narrow spectral region from 0.4 to 0.7

wicrometer.

In the present works the avaltable data are only a part of
the input Information needed for a Selimeier dispersion equation.
Ir order to get meaningfu! predictions for the whola transparent
regions the key parameters for the dispersion equation are, for
each rays, the dielectric constant, the effective UV resonant
wavelength, the infrared rasonant wavel ength and if possible the
strengths of each of the resonant wavelengths, It 1is fortunate
indesd that these kay jxarameters, nlthough not having been used
for such ourposes, are avallable in the literature (Barker [14]
see tables 4, 5 and 6). Introduction of the key parametsrs into
the Selimeier equation yields fits to available data that are as
close as the fits to the Hartmann formulae. The resulting
equations for single crystal MgF, at 293K in the transparent

regions 0.14~-7.5 micrometerss, are:

, 0.60967 )\’ 0.0080 )\? 2.14973 A2
n' = 1.27620 + 57 raeeser Y 37 - 15,07 T A7 < 25.07 (07D
0.66405 A2 1.0899 A’ 0.1816 \- 2.1227 A2

? = 1.25385 +

+ (e~ray),

4 e

3 - 22.27 TN - 2447 " T Z 40.67

=
n

X7 - 0.085047

where A s in wunits of micrometers. It should be noted that
Barker's values have bsen modified so that the difference of
refractive index betwesn ordinary and extraordinary ray agree
with the observed birafringence exceot iIn the region where

anomalies of birefringence occur, Barker’s vafuss were SO

nodified that the ratios of the parame.ers remainad unchanged.

(25)
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For the available data of [RTRAN | we simply fit the data to a

Selimesior type equations to obtain

0.10822 )2 2.7814 )\?2

2
0% = 179079 + 5 0. 167337 * )T - 25. 547

(IRTRAN 1). (26)

This equation is found to ba as good as the Herzherger dispersion

eguation given in Ref. (201.

Equations (24) to (26) were used to generate the referanca
data given in the table of recommended values, Yalues of dn/dA
were simoly evaluyated by taking the first derivative of tnhese
squations. Although the values of n are given to the fifth
decimal olacer this does not reflect the degree of accuracy and
the eaxtent of reliability, The values are so given simoly for
smoothness of tabulation. For the proper use of the tabulated
values the reader should follow the criteria given below.

For ordinary and extraordinary rays:

Wavelength range Estimated

micrometer uncertainty,*
0.15-0.20 0.01
0.20~-0.30 0.00%
0.30-0.70 0.0001
0.70~1.0 0.003
1.0-5.0 0.00%
5.0-10.0 0.01

For IRTRAN 1:

0.18~0.1 >0.05
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0.31.0

1.0-10.0

>J.01

0.001

N S S U



e a

A
pm

0.150
0.152
8.156
0.15¢
0.16%

0.160
08.162
0.164
0.166
Q.16

.170
8.172
0.174
0.17¢
g.174

3.180
0.182
0.184
$.136
G.182

e.190
g.192
9.194
9.196
0.19%

g.200
9.202
0.204
9.206
0.208

9.210
g.212
0.21%
0.21€
0.212

0.220
0.222
0.226
0.22¢
0.228

8.23¢0
0.232
9234
0.23¢
e.238

B.20L0
8.262
0.260
0.26€
0.200

0.250
0.252
0,254
0.25¢
0.258

0.260
0.2n2
8.264
0.246
§.268

TAQLE 36,

Ordinary Ray

R
1.47920
1.47525
fels?7154
t.6hA0G
1.65476

1. 4€1€4
1eu6A710
1e4559%
1.45327
1e06507F

1.ubA3A
1obb6€1?
1441396
1o 4190
1.43334

1.43%37
1.43€29
1. 43457
1. 43293
1.4313¢€

1.42945
142801
1.42702
142566
1.62001

1.42218
1.6220¢
1. 6208¢
1.4197¢
Je by A7C

1. 417A7
t.41860
1.41673
Totguny
1.41292

1.4130¢
fot1227
1ebi14s
1.4106¢
1.40949

14011 €
1,405
telenN?7?
1.60710
1.40€45

1.40€°37
1440522
1. 600652
1.60405
1e40369

1.40296
1e00242
1.61719¢
1690109
100072

f{.eN0h4
1. 32991
1. 11193
1,192
1. 39846

~dn /dA

2.03784
1.91379
1.802%
1.69523%
1.6035%

1.51249
1.47103
1.3557%
1.28600
1.22124

1.16107
1.10607%
1.05261
1.00372
0.95799

0.91515
0.876937
0.8372*
0.301 70
D.76%36

Ge7 1606
0.76717
0.,67913
0.65262
0.62755

0.603%0
0.58129
0.5599%
8.531967
0.52042

6.50210
[ PCY TN Y]
O.uhACH
D.w5227
0.,L1719

Q.22
0.40907
0.39595
0a3n340
0.37t60

0.35992
0.36892
0.3382R
0.32829%
0.31859

0.30930
0.30037
0.291A0
0.21356
€.27566

0.2680%
0.,26070
0.25365
02045125
0e24031

0.23408
N.?22792
0.72206
1.21660
0.21013

RECCMMENDED VALUES ON THE REFRACTIVE INDEX ANO ITVS MAVELENGTM

OERIVATIVE FOR MAGNESTUM FLUORIDE AT ZQJK.

Extraordinary Ray

n!
1.,6919
1.49009
1,662
1obA27A
1.4790

1.67523
L.67122
1.4703"
1.4h76%
1.45514

Lehh?ART
1.46235
1.645814
1.45603
1.45472

1.65210
1.4502%¢
1.4605)
lebbhnl
1.646519

1.46765
fo6a21€
1.46373
1.4593%
1.43804

1.43577
1.63554
1e050L37
1.93323
1,63213

1.43108
1.43306
t.62907

14?812

1.42720

1.,67431
142505
1.424R2
1,42381
1442103

1.42227
142154
1.%2082
1.42913
161966

1.618R1
1.0101A
1. 41756
1.41697
1.416%9

161642
t.61627
feulb7s
1e83622
teb137y

1.61%2>
L0270
1. 41227
Lebiin?
1.61137

-dnehu

2.06A84
1eQbleg?
1483153
1.72762
1.63156

1e50311
1.4€¢15
1.386n2
1« 31515
1.25003

1.18923
1.1325%
1.0795%
1.2321%7
0.92371

0.96N024
0.59941
0.2¢107
0.8 2697
0.790¢7

8. 75891
0.728¢1
0.7019%
0.677298
0.ALT 24

0.62310
0.5(39%
0.57926
0.55749
9.53776

8. 51900
0.50114
Qetefut2
0. u€7Ng
fetS241

0.42764
0.42352
0. 41904
0, 9714
0.38479

0. %7298
0. 361 €6
0.35081
0. 34048
0.32062

0.32984
0. 31168
d.3C270
0.294651
0.2R616

0.?27828
.27171
T.2634Y
0.2¢646¢
0. 2L9R5

0.2%51%
0.73585
1.23111
0.22496
0.21929

MTRAN t
[ -dn/d)x

1.60856 17,50927
1.57802 1%.33756
1.55443 10.45737
1.535804 8,63001
1.52033 6.94hub

1.50762 5,8199%
1495487 6GLo.Fubul
1.4AT71 &,25541
1.6797% 3.69934
1.47285 3424529

1.46676 2.8695%
146133 2.55519
1.45649 2,2R355
1.45216 2.06303
1ols4822 1.86833

1.bblh5 1,69974
Lebb 167 1,562940
1.63%3 1.62196
1.63570 1.310%6
1643318 1.20970

1.039% 1.12908
1.42469 1,0399¢
1.4266% 0.968)7
1.626%1 0.99%29
1.42307 0.840L519

1621063 0.79163
1.41990 0.76306
tele18066 0,69%32
161710 J.65456
1.416502 D.62169

Lebs1b61 0.58760
1e41367 0.55605
1.41239 0.52707
1.41136 0.50025
101038 0.64753%

1.40946 0.45229
1.40857 d.63040
1.60773 0.41077
1.6063 0,3°20%
1e4061h 0.17650

160563 00,3502
140673 8,36290
1.60406 0,32950
140362 0,316
1.402%0 0,30222

ym

0.270
0.272
0.274
0.276
0.27%

0.280
0.282
0.284
0.286
0,288

0.290
9.292
0.29¢%
0.296
0.298

0,300
04305
0.310
0.315
8.320

g.22%
9.330
9.335
0.3060
04345

0.350
2.355
0.360
0.365
0.370

8.3725
9.380
9.385
0.323
8.395

0.400
0.410
0.420
0.430
Dokt

0.450
0.460
9.670
O.6n0
0.690

0.500
0.51C
0.520
0.520
0.540

8.550
0.5A0
9.570
2.5A0
9.530

9.610
9.620
Qehtl
0.660
0.hA0
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Ordinury Ray Fxtraordiniry Ray RTRAN |

n, -dno/dk n, -dneldk n ~dn/dx
139425 0.2056€ 1.6109 0.213RA3 1,46022% 23.29022
1.39786  0.20057 1.41052 0.20856 1.4O01AG J1.27440
1397064  0.19565 1.61010 0.,20367 t.60109 .,2ne2t
1.3970h  0.19089 1.40970 0.19%55 1.600% (.2%411
139668 0.18629 1,409 0.19379 1.4000k 2,24n55
1.39631 0.18185 1,40693 0.189¢8 1.%9957 0.233.9
1.3959° Q17754 1.408°%5 O0.1A&73 1,%991C °,235C91
1.39560 0.17338 1,40819 0.1R042 §,39866 :,22277
1639526 0.16925 1.607¢3 0.1T7F?24 1.39A21 lel150 3
1.39493  0.16565 1.60748 0.,17220 t.3977¢ ¢,207+8
1.39660 0,16167 1.40716¢ 0.16A28 1.3973%8 0.2CCh
139424 0.15801 1.40681 O.t1bbu3 1,39698 J,194C3
1439397 0,1564€ 1.6C06W8 0,16081 1.396A0 C.1%769
139166 0.15102 1.40617 0.15725 1.39623 J.1stee
139336 D.1626¢ 1.605806 0.35379 1.39587 Q0.17588
139307 0.144065 1.6405¢5 0.15063 1.39553 3,17037
199237  9.13E78  1.4046%2 D.16e26A  1,3371 (.157F
139170 0.1296€ 1.6Ce13 0.13%03 1.39395 9.146C5
1.39107 0.1236& 1.40347 D0.12822 1. 39326 2,13%01
1.39067 0.11687 1.40286 0.12182 1.39269 (.12627
1.3899¢ Q.11213 2.40225 0.11%35 1,39197 10,1100
1.38936 0.t057€ 1.4L01€8 J.11029 1,.39140 3S.1:10%1
1.38886 0,10075 1.60115 0.10507 1.390%7 11,1739}
1.38835 0.09605 1.430€3 . 0.10013 1.359036 :,.397&(
1.3678A 0.0916€ 1.4003% 10,0952 1,38939 2,09123
1.38743 0.0A753 1.399&A 0.09133 1.3896L 1.3%654
1.38700 0.093A€ 1.39923 0.08733 1,38902 3.041-9
1.38660 (0.08002 1.3984C 0.68752 1.33863 (.27720
138620 0.07560 1.39839 0.0799% 1,38825 :,373.7
1.3A543 (0.C7337 1,39400 0.07¢€¢60 1,38749 1.3092F
1.38567 0.07033 1.39763 0.073%3 1.38756 0,.04671%
130513 0.0674€ 1,39727 0.07065 1438726 (.0pl4}
1.38680 0.06475 1.39692 1.06763 1.385385 C.053%A
1eIALGA  0.0h219 1.39659 0.064%96 1,3R666 03,0565
138617 0.05977 1.39627 0.06244 1.38637 ,05349
1.38384 0.065748 1.39597 0,0A005 1,3%610 ",05142
1.38333 0,0532% 1.395%9 0.055%4 1.3%61 O.06é0
1. 38281 0.069%4 1.364485 0.05167 t.33516 0,76331
1.3823%  0.04600 1,.39435 0,06009 {,%¥8475 10,0395
1.38189 0,062%8 1.39389 (.04&48% t.3863%7 0.03647
138840 0,06006 1.39366 0.06190 1.56402 0.03376
1.38109 0.037692 1.393¢5 0003922 1.38369 1.03139
1e3R8973 0,0351% 1.392€7 0.03¢€74 1.38339 0,07912
1.38039 0.037%01 1.39231 0,03455 1.38311 0.027t5
1,36007 9.0310¢ 1,39198 0.03251 1.38285 9.0253%
137977 0.0292€ 1.391€6 0.0306% 1.39260 0.C237s
1.37964A Q.02762 1.39137 0.02892 1.3%237 0.02233
1.37921 0.02610 1.39108 0.0273% 1,38216 0.,021Mm
1.37896 0,02670 1.390%2 0,02%%3 1.38195 @.019nr1
1.37A72 040230t 139067 0.02456% 1.3A176 10,0187y
1.37%69 0,02222 1,39633 0.82330 t.38158 0.C1771
137827 0.,02112 1.39310 0.02285 11,3811 0,01679
137807 0,02010 1.39988 0.0210% 1.3%12& 0,015
1.377927 0.01915 1.319AR (0.02009 1.34109 4Q.01517
137769 0401026 138948 0.01917 1, 35809¢ 0,010866
1437751 0.01766 1.30979 0.01831 1.38048 0.01390
127717 9.01%7 1.38a9% 0.01€77 1,3905) 8.0t12%s
L3707 0.016K8 1.3ARR2 0.01°63 1,78029 C.Clins
1.37658  0.0L355 1.388%3 0.01825 1,38007 J.C10/n
137632 0.01257 1.3A805 0.01322 1,379%¢ 0.01002

= et ARV R PV Tt SR S




A

g.r00
9.720
G.760
0.760
g.780

0.2C0
8,820
LY
9.aR0
0.840

0.94010
0.920
9 .940
0.9h0
0,980

1.000
1.050
1.100
1.15¢
1.200

1.25¢0
1.3010
1.1519
1.400
1.450

1.560
1.558
1.600
1.650
1.700

1.750
1.500
t L ASC
1.900
1.950

2.000
2.058
2.160
20150
2.200

2.250
2.v00
2.%%0
2.400
2.45%0

2.500
2.550
2.600
2.650
?2.700

2.7%0
2.000
2.8%9
2.9¢0
2.7%9

v.000
1.0%0
1.100
v,140
y. 700
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TABLE Y6,

RECOMMENOEC VALUES ON THE REFRACTIVE INOEX AND ITS WAVELENGTH

OFRIVATIVE FOR MAGNESTUM FLUQRIDE AT 293K (CONTINUFOI®

Ordinary Ray Extraordinary Ray RTRAN 1
n, -dno/d\ n, ~dn_/dA n ~dn/d)

1.37608 0.0117C 1,397%0 0,0123¢ 1.37967 0,.009%7
1.376R%  0.01093 1.3%756  0,01151 1.379%A 0.004A1
1,37546¢  0.0102% 1.98736 0.01087 1.%7931 0.00A31
1.37564 0,009h% 1.34743 0,01C1A 1.37915 0.0074%
1.3752¢  0.00911 1.39693 0.0(962 1.37900 0.00750
1.3750%  0.00%€3 1.38A7G  0,3(912 1,378%5 Q.007L7
1.3749¢ 0.00%20 1,905 0.008A7 1.37A71 0.006h2%
1.3767¢  2.03722 1.33n3q 0,00428 1.37858 0,006A2
137400 0.0076%  1.33523  3,0C792 1.t7845 QJ.00640
1. 37665 0.00717 1.3%00% 0.00760 1.37832 0.0052)
1.374¥1 0.00690 1,38593 0,00"32 1.37820 0.00603
31,3741 0,076k5 1.3957A  0.0(706 1.37408 0.00847
137406 0.00h43  1.38%R4 0, 0CAAY 1,%7796 0.00574%
1.37192  0.07023 1.38551 0.,0ChH2 1,377A5 0.00642
1.373%80 0.00605 139538 0.00644 1.37776& 0.00552
1.373A%  0.005%7 1.38525 0.00n27 137763 0,00563
1.3733%39 0.0095A 1.3%495 Q,00593 1.3773%6 0.00%526
1,372 0.00530 1.3%84966 0,20567 1.'7710 0.00%16
1,272%¢ 0.00512 1,33638 0.0066% 1.37h86 0.00509
1.37261 0.006938 1.38611 0,0(536 1.%7659 0.00%506
1.37236 0.004A88 1.,3%384% 0.0(525 t.37634 0.170576
1237212 0.00482 1.34352 0,0(51°9 1.37608 0,70%99
o 271A8  0.00L73 1,3933% 0,0(5t5 1.37533 0.00513
1.37166  0.00673 1.33%07 0.0€516 1437557 Q.005t9
137160 0.006473 1.34281 0.0(51kh t.%7531 0.00527
1.,2711€ 0.0068%1 1.38255 0,0(519 1.37504 0.00535
1.37332 . 8.00436 1.33229 (,0(526 11,7777 G.00545
1.37067 0.006489 1,39°03 0,0(529 1.37450 0.00555
1.37003 000655 1.30175 0,00636 1,37422 0.00554
1.37019 0.,00502 1.3%143 0.005%3 1,37333 0.00578
1.3F993  0.00507 1.34122 0.00552 1,373kt 0.Q0%590
1.%267 0.99517 1.%3396 0.0(%61 31.7733s¢ 0.00673
1.3¥09041 0.0050 1.3%766 0.00578 1.373C4 0.0C616
175714 0.00535 1,.:8037 0.5(580 1,3727% 0.00629
1.36P47  0.0054% 1,38308 0.0C591 1.37761 0.00¢63
t.354A0 0.0055% 1.17978 0,00402 1,37208 Q.09+w57
1.36832 0.0056% 1,37%8  0,0Ch1% 1.37175 0.00471%1
1.353904  0,0357% 1437917 0.00h25 1.37141 0.00h46
1e3A7276 0.005% 1,37%R6  0,00637 1,37107 0.097%1
1. 36745  0,00597 1.37%9%3 0.00669 1.,37971 0.00716
1. 36715 0,20A09 1.37820 0,00661 1,37035 0.007%
136066 0.00620 1.37797 0.006874 1.35338 0.00746
1.36653 0400012 1477758 0.0 *7 1.,3R360 0.00761%
« 26521 D.00bti  1,8779% 0,0(700 1,86977 J3,09777
1.%6588 0.00R56 1,37A83 0.00713 1.35883 0.00773
1. %6656 0,005,659 1.37667 0.0(727 1.3K%% 0.00008
1.76%21 0.0%9h8%1 1.37H10 0,00740 1.%A802 9,00A%«
1.38L07 0.00K906 11,3757 0.0C754 1,7A760 0,00%0
135652 0.0729n  1,.375%5  D,007RA 1.°6K73% 0.00957
1.3544€ 0.00717 1,374 0.0(7R2 1,36675 0,00873
1.75380 0.10732 4,3764%h 0.00796 1,331 0.00A40
fe2vT41 0,0076% (,176436 9.00910 1,t1h50é 0.009%A
1. 13F 0,0075R t,37176 0.00924% 1,%A560 0,009%2
1.9267 0,090771  g.trite 0.0CM31 1.76493 0.009%9
1. 729 0,007A%  1.87797 0.0C04%% 1,.3866h 0.90754
1, Im1n 0.A407<% 13724 §.00%AN 1,.%n%9R  0.0077?
1.teta® Boa0ut” Vel700g 0, 00N8' 1,%0,34,9 0,000
teWiar UoN1act 187109 0,003 L1,.80299 0,01006
Yo 0nfud  0.79959% LoV 9,00 12 1486248 0.,NERPN
Ve tanae 04008, 8 18700 g 08047 Lot 90,0101

um

3.250
3.300
3.350
Yoo
AL LD

3.500
V.85
Y.£00
ARYLY
3.700

3.750
3.830
3.850
3.900
1.950

..000
“.050
«.100
4,150
©.200

4.250
&, 302
4350
b b00
4450

L.500
44550
L 600
h.h50
44700

4.750
“.A00
“.n50
4,900
[RCLY ]

5,000
5.100
5,200
5.300
5,600

5.500
5.600
5,700
5.800
5.900

%£.000
6100
6.2C0
6,300
6.600

h.500
$.n00
65.700
6,400
6,300

7T.100
7,100
7.200
7.8
T.400

Ordinary Ray

o
(]
1-359a1
1.359Y7
1.35493
135848
1.3%802

1. 36788
1.3570M
1.35hAC
135612
1.35562

1.35512
1.35%61
135610
1.35357
1.35306

1.35250
1.35196
1.35140
1.3508¢
1.35027

1.34970
1.30911
1.36552
1,34792
1.36731

1,34669
1366107
16365kt
134480
136415

1,30369
1.34282
1.3e215
1. 34147
1.36078

1.36008
1.33860
1.33720
133671
1.33418

1.33261
1.33101
1.32934
1.32779
1.32599

1. 32626
1.32265
1.,32062
1.31878
1.31684

1. 31649
1.%1249
1.31385
1.50477
1.30665

1. 30648
1. 30274
1.%0000
1.29709
1.27%88

-dno/dk

g.00n67
3,003
0.0083S
J.00909
0.009323

0.00337
0.00952
0.003¢
0.009"1
8.0099¢

9.01010
0.0102¢
0.01N4&0
0.0105¢
0.01070

C.010R¢
0.02128
%.01115
0.0113¢
0.0134¢

0.01162
0091177
8.0119)
0.0120°
0.01225

0.01241
0.012%7?
0.01272
0.0128¢
0.0130¢€

0.01322
0.01339
0.01135s
001372
0.013%9

0.01u0¢€
0.01«%9
3.01475
0. 01510
0.01545

8.01502
8.01619
0.01€56
0.01%9%
0.01732

0.0177%
g.0tM1 0
0.01450
0.01490
0.01931

0.01973
0.0201¢
0.02059
8.02103
S. 02167

0.0219¢
0.n2219
0.02.8%
8.0741%
0.02302

Extroordinary Hay IRTRAN |
B, -dnc/dk o -dn/dA
1.37022 0.00%2 t,36146 Q,510¢4
1.3%975 0,0098 1,%¢091 0..:07-
1.38927 0,00973 t. 8337 €,01793
1.36878 0,0094% 1,.34341 13,0111
1.3¢€828 0.Ct00¢ 1, 55925 J.01124
1.3€777  Q4,01C13 1.358.9 23.01i«-
1.3€726 0.01035 1.35411 Teullt s
1.356676¢ 0.01057 (.8>752 J.Jpee?
13602t 0,010h6 1.15693 02,1270
1.3€567 0,C1092 1.355632 J.C1214
1.3651% 0,0139¢% 1.35571 01288
1.36467 Q.C0t1te  1.35%39  2.0175%
1.3€6401 03,0113 1.95665 (C,l127¢
1. 3€36¢  0.01167 1,35381 (C.oi24t
1.36287 4a.01163 1.%316 C.G131)
1.36228 0.01179 1.55250 o0.01323
1.361¢9 0.C1t96 1,351%3 0.713e7
1.3610%9 0.0121¢ 1.55116 J.C1 %o
1.3¢047 0,01229 1.35067 0.011¢%
1.35988 G(.01366 1.34977 G.0:1615
1.35323 0.01263 1.%9% 0.0142%
1.35459 0,012%3 1.34835 9.01443
1.,36785 0,01297 1.34762 9,014F2
1.,35730 03.01314 134588 C.0tea?
1.35663 0,0G1331 1.3461e 0.01502
1.35596 0,01363 1.%6538 (0...521
1.75529 0,01366 1.344682 0,31561
1,756€0 0,0138¢ {,743% Q0.015h1
1.35390 0.01601 1.3%336 J.C15%¢
1.35320 0,01419 1.34226 (Q.316C2
1.35268  0.01437 1.36&145 9.01022
1.35176 0,.01455 1.34004 3.)1667
1.351C3 0.C1473 1.32981) J. 1065
1.35029 0.018@1 1.37%37 0. 1n4e
1.34954 0,01610 1.33813 0.317CS
1.364878 0,01528 1.33727 0.G1726
1.36723 0.01%5 1.331352 0.017hA
1.365¢5 0401603 1.33373 r.0i1811
1.3ue02  2,01¢661  1.85%3190 2.018%¢%e
1.302:¢ 0,0616%0 1.330J3 0.J119%
1-34066 0,C1”17 1.32M10 0.%193
1.33893 00,0179 18216 Qol19%a
1.337215  9.01799 1.8261%3 7.020%4&
1.33633 0,01860 1.3¢007 0.023A8
1333647 0.01881 181997 4..7178
1.33156 0.0192« 1, 31782 0.%217+
1.329€2 0.0196 1.%1662 0.0722¢
1.327€3 0,02010 1.31337 0.9727«
1.325€0 0.0205¢ 1.351107 0.3737¢
1.32352 0,02098 133872 0.9237%
1432160 0.02166 1.3CAT2 0.12626
1.3192¢ 0.C2190 1.309%7 0..2.79
1.81762 @,022%7 1.401%k J,2537
Le31676 0,078 1.29A8Q (. >%A7
131265 Q.0233% 1.23619 G.72nb¢
1.%1019 0,022 1.729357 0." %4
1.30767 0.3263% FEEY R I U
1.,I0628 0.026% ., aqpt J.70 7800
1.10272 0.02%%h  gaoasge Jeiterd
136010 3.07¢a; 31,2a./6 Q.Cr08y
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TABLE 3h, QECOMMENNED VALUES ON THF REFRACTIVE INDEX AND (V7S WAVELENG W
NERIVATIVE FOR MAGNESTUR FLUORIDE AT 293K (CONT INUEO)®
A Ordinary Ray Extraordinary Ray IRTRAN 1 A Ordinary Ray Extraordinary Ray RTRAN 1
um L -dnoldk n, -dneldx n -dn/d\ um n, -dnoldx L -dne/dk n ~dn/d\

7,500 1,29273 0.0243% 1.29754 0.02643 1.2733¢ 06.0299% A.A00 1.25674 0.03168 1.25817 0.03451 1.23¢66 0.03913
P 1.29047 0.02682 1.29AT7 (0.0269R 1,27627 0.03857 8.900 1425354 0.0223¢ 1.25668 0.03523 1,23071 0.0399% 3
7.700  1.29796  0.02533 1.29215 0.02754 1.27318 0.03120 9.00C 1.25027 0.03300 1.25112 0.03597 1.22667 Q.06078
T.800 1.24541 0.02585 1.2A937 0.02881 1.27003 0.03145 9.100 1.26469% 0.0336¢ 1.24749 Q0.03673 1,22255 0.00166
7,900 3,28279 0.02638 1,28h53 0.02869 1.266A1 0.03252 9,200 1224353 0.03438 1.24378 0.03750 1.21834 0.06252

R.000 1.28017 0.02693 $.28363 0,02929 1.26353 0.03319 9,300 1.24006 0.03510 1.23999 0.03429 1,21605 0Q.06341
8,190 1.27741 0.02748 1.28067 0,02989 1.26017 (0.03388 94400 1.23651 0,03%83 1,22612 0.0391¢C 1,20966 O0.0663S
8.20C 1.274%5F Q.02804 1.27755 3.03051 1.25675 0.03459 9.500 1.232%9 0,03€¢57 1.232¢7 0.03993 1.20518 0.04527
A.300 1.2718%0 0.92862 1.27657 0.03116 1.,25326 0.035%0 9.600 1.22920 0.03736 1.22A13 0.064079 1.20061 O0.0662&
8,600 1.26%91 002921 1.271642 0.03179 (.24967 0.03604 3.700 1.22542 0.03%12 1.22601 0.06166 1,19593 0,06722

8.500 1.26596 0.02981 1.26%21 0,03245 1,24h05 0.03679 9.800 1.22157 0.03893 1.21980 0.04256 1.19116 0.0s82¢
B.E00 1,2A295 0.03042 1.76493 0,03312 1.74233 0.03756 9,900 1.217664 0.03975 1.28549 0,04368 1,18629 0.06928
8,700 1.25¢%7 0.03106 1.26159 0.03381 1.23a54 0.03833 10.000 1.21362 0.04060 1.21110 006443 1.18130 0.05035

®IM THIS TARLE NORE DECIMAL PLACES APE REPIRTED THAN WARRANTEL MERELY FOR THE PURPOSE OF TAPULAR SMCOTHNESS
AND IATERNAL COMPARISON, FOR UNCERTAINTIES OF TABULATED VALUES IN VARIOUS WAVELENGTH RANGES, SEE THE
TEXT CF SUBSECTION 3.6&.
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3.5 Caftcium Chioride, CaCl,

Available data on the refractive index of calcium chloride
| are given in tables &6 and 47, and are plotted in figure 26,
;5 where data for hydrated calcium chioride and molten salt are afso
presented for comparison. As the rafractive index was messitad
only for the single spectral tine (0,589 micrometer) and the
material is not suitable for optical aoplicatios, data analysis

and data pradiction were not attamptad.
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3.6 Strontium Chloride, SrCl,

The structure of SeCl, is of the CaF, tyone. The space grouo
is D;. There has bean considerablas interest in SrCl,, CaF,, BaF,,
and SrF,, 0One of ths reasons for this interest 1is that thesa
crystals are nearly 1Jideal host ltattices for paramagnetic ions.

Many atectronic excitation and magneatic resonance exnsrimsnts

have been performed on rare earth jons and other ions in these
matarials. FfFor some of these investigations, the host lattice
was SrCl,. It is of some importance to study the optical

properties of pure strontium chiorids.

SrCl, single crystais are highiy hygroscopic. The hydrated
form SrC), .H,0 readily comes into being wken SrCl, crystals areo
exposed to air. Special pracautions ara necessary wher growing
the crystats» and preparing and storing the samples. The
crystats can be grown in an insrt gas atmosphere by the
Czochralsky method. Grinding and nolishing the samole surfaces
can he accomplished with an abrasive dispersed in a waterfree
organic liquid, For storage the matarial should be immersed in a

waterfrre organic tiquids such as paratfin oil.

Direct measuremant on the refractive index of SrCl, was
reported by Wulff and Heig! (62] for only a single soectratl lins
at 0.589 micrometecs, as given in tables 48 and 49, and figure 27,
where the refractive index of hydrated strontium chiorids is also

listed for the purposa of comparison, This single value is

probably the only directly measured valus available. Another




e L

invastigation on the retractive index was carried nut by Droste

ard Geick [91)» in which the refractive index was deduced from
the reflection spectrumn by Lorentz theory. As the avaijlable data
is vary scanty an41 the material is not suitable for optical
applications, no attempt was made at data analysis and data
prediction. We presant onily the available raw data as shown in
tables 48 and 49, and the following related pronerties:

€ =7. 55'

0

€ 2, 86
a0

= -1
ATO 138 cm™1y

= -1,
and ALO 223 cm—?},

Tre above values weras taken from Raf [(9]l1].

o P P o =T OT U PNV
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3.7 Barium Chlorides BaCl2

Available data on the refractiva index of bharium chioride
are given in tables 50 and Sl, and are plotted Iin figure 28,
whare data for hydratad barium chloride are also oresented for
comparison. As tha refractive index was measured only for a
sinale spectral line, 0.589 micrometer, and the matarial is not
svitable for optical apolications, data analysis and ‘data

oradiction were not attempted.
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4. CNONCLUSIONS AND RFCOMMENDATIONS

Experimental data on the refractive index of alkalina earth
halides and its tempnarature derivative are exhaustivaly surveyed
and reviewed, In addition, values of physical proonsrtias wnhich
are refated to the dispersion phenomena are selacted from the

open ljterature.

Ot the twenty alkaline earth halides, only the four
fluorides (MgF,» CaF,» SrF, and BaF,) ars suitable for optical
apolications; others are either physically inadequate or
chemically too unstable for wutilization, AS 3 conssquence,
available data on the vrefractive indax and its temperature

derivative Jlargely concern the four fluorides.

The opurpose of the present work was to survey and comyile
the available data and to generate recommended values of the
refractive index and {its temperature darivative for alkaline
earth halides, We havs generated recommendsd values for the four
fluorides (as shown in figures 29, 30, and 31), The state of
knowledge on the refractiva index of this group of matarials s

glso nresented,

The technology related to high-power infrared lasers is
progressing rapidly and» consequentiy, there {is an increasing

need to determine the sffects that exposures to high-oower 1ight

beams have on materials. Among other things, refractive indices

at slevatad temperatures are needed. Unfortunately, an
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exhaystive survey of the open literature, as in the present wrrk,

shows that refractive indices as a function of wavelsngth are

only available near room temperature. Mgasurements on the

refractive index at higher temperatures 2are limitad to a few

wavalengths, In a few casess the temoe  ature darivative of the

refractive index has also baen measurad in the vicinity of room

temparature. Evan though it is ctear that high temperarure data

are lackings recent measurements ranortad in the onan

ware still carried out at near room terperature.

literaturs

Consequently,

owr basic knowledge of the refractive index at high tamosratures

is still scanty. For the ournose of oproviding data

modern science and technologys as well as for

develonrent of optical devicesr a wail planned and

program of measuramant of the raefractive indeax

ussful to
the future
systematic

of salezted

materials over a wida range of teamperatures 1and wavelengths s

highly recommended.
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